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ETHYLENE/AROMATIC VINYL COPOLYMER AND PROCESS FOR PRODUCING THE SAME 



(57) An ethylene-aromatic vinyl compound copoly- 
mer characterized by satisfying the following conditions: 



60,000 to 500,000 when the content is from 0.5 
mol% to less than 5 mol%. 
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(1) the aromatic vinyl compound content is from 0.5 
mol%to10mol%; 

(2) as measured with respect to a molded product 
having a thickness of 0.2 mm, the haze is at most 
14%, or the total light transmittance is at least 90%; 

(3) an ethylene-aromatic vinyl compound copoly- 
mer characterized in that the relation of the aro- 
matic vinyl compound content and the glass 
transition point (Tg) obtained by an inflection point 
method as observed at a temperature of at least - 
50°C by a differential scanning calorimeter (DSC), 
satisfies the following formula (1): 

-20+1 .OOSt>Tg>-30+1 .05St Formula (1) 

wherein St represents the aromatic vinyl compound 
content (molar fraction %) in the copolymer; and 

(4) the weight average molecular weight is from 
140,000 to 500,000 when the aromatic vinyl com- 
pound cont nt is from 5 mol% to 10 mol%, or from 
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Descripti n 
TECHNICAL FIELD 

[0001] The present invention relates to an ethylene-aromatic vinyl compound copolymer which has an aromatic 
vinyl compound content of from 0.5 to 10 mot% and which has a high transparency, a glass transition point represented 
by a specific formula and a high molecular weight, and a molded product, particularly a film, a sheet or a tube, employ- 
ing such a copolymer and having high mechanical properties, melting point, etc. 

BACKGROUND ART 

Ethvlene-stvrene copolymer 

[0002] An ethylene-styrene copolymer employing a so-called Ziegler-Natta catalyst, is obtainable as a mixture with 
a homopolymer component such as polyethylene or polystyrene, and its compositional distribution is large, whereby it 
has problems with respect to transparency, mechanical properties, etc. Recently, styrene-ethylene copolymers obtain- 
able by using a so-called homogeneous Ziegler-Natta catalyst system comprising a transition metal catalyst component 
and an organic aluminum compound, and methods for their production have been known. 

[0003] JP-A-3-1 63088 and JP-A-7-5361 8 disclose a styrene-ethylene copolymer wherein no normal styrene chain 
exists, i.e. apseudo random copolymer, which is obtainable by using a complex having a so-called constrained geomet- 
rical structure. Here, a normal St chain means a chain of head-to-tail bonding. Further, in the following, styrene may 
sometimes be represented by St. The pseudo random copolymer is defined to be a copolymer in which no head-to-tail 
styrene chain structure is contained, and phenyl groups in the alternating structure of styrene-ethylene present in this 
pseudo random copolymer, have no stereoregularity. Further, as no normal styrene chain exists, the content of styrene 
can not exceeds 50 mot%. Such a pseudo random copolymer is not sufficiently satisfactory with respect to the mechan- 
ical properties such as breaking strength or solvent resistance. 

[0004] JP- A-6-491 32 and Polymer Preprints, Japan, 42, 2292 (1 993) disclose a method for producing a similar sty- 
rene-ethylene copolymer wherein no normal St chain exists, i.e. a so-called pseudo random copolymer, by means of a 
catalyst comprising a cross-linked metallocene type Zr complex and a co-catalyst. 

[0005] According to Polymer Preprints, Japan, vol. 42, 2292 (1993), phenyl groups in the alternating structure of 
styrene-ethylene present in this pseudo random copolymer, have no substantial stereoregularity. Further, like the case 
of a complex having a constrained geometrical structure, as no normal styrene chain exists, the content of styrene can 
not exceed 50 mol%. The activity is also practically inadequate. 

[0006] Further, recently, a styrene-ethylene copolymer close to an alternating copolymer having a stereoregularity 
has been reported which is obtainable under a cryogenic condition (-25°C) by means of a specific crosslinked bisinde- 
nyt type Zr complex i.e. rac[ethylenebispndenyl)zirconium dichloride]. (Macromol. Chem., Rapid Commun., vol. 1 7,745 
(1996).) 

[0007] However, from the disclosed 1 3C-NMR spectrum and from the description of the article, it is evident that in 
this copolymer, no head-to-tail styrene chain exists. 

[0008] Further, if copolymerization is carried out at a polymerization temperature of at least room temperature by 
means of this complex, it is only possible to obtain a copolymer having a low styrene content and a low molecular 
weight. 

[0009] Further, with styrene-ethylene copolymers obtained by using the foregoing respective catalyst systems, 
transparency is not good especially, in a relatively low styrene content range. This is considered attributable to non uni- 
formity of the compositional distribution, etc. of the copolymers, i.e. due to the fact that a component having a styrene 
content lower or higher than average, is present relatively abundantly. 

[0010] WO98/09999 discloses a styrene-ethylene copolymer obtainable by means of a specific zirconocene com- 
plex {rac-dimethylsilylenebis(2-methyl,4-phenyl-1-indenyl)zirconium dichloride}. This copolymer has a wide molecular 
weight distribution and a large compositional distribution. The copolymer having a styrene content of about 10 mol% 
also contains a polyethylene component and thus is an opaque copolymer. 

[0011] The present inventors have heretofore proposed a catalyst system for ethylene-styrene copolymerization 
and an ethylene-styrene copolymer as described below. 

[0012] JP-A-9-309925 which is an application filed by the present inventors, discloses a novel ethylene-styrene 
copolymer having a styrene content of from 1 to 50 mol%, an isotactic stereoregularity in the styrene-ethylene alternat- 
ing structure and an alternating index (value X in this specification) of the copolymer of at most 70. which is obtainable 
by using a polymerization catalyst comprising a zirconocene complex having an indenyl group crosslinked with an iso- 
propylidene group, and a co-catalyst The copolymer obtainable by this catalyst has good transparency and mechanical 
properties, but when it is attempted to obtain a copolymer having a styrene content of at most 10 mol%, it is difficult to 
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obtain a copolymer having a high molecular weight required to have an inflation molding property or an adequate phys- 
ical property as a molded product under a polymerization condition of at least about 30°C at which the catalyst exhibits 
a practical activity. 

[0013] EP-872492 discloses a method for producing an ethylene-styrene copolymer having an optional composi- 
5 tion by using a zirconocene catalyst having, as a ligand, a benzoindenyl group having a crosslinked structure. 

Film of an ethvlene-stvrene copolymer 

[0014] A film is known which employs a so-called pseudo random ethylene-styrene copolymer having no head-to- 

70 tail styrene chain and no stereoregularity derived from styrene units. For example, USP 5,703, 1 87 discloses a pseudo 
random copolymer having a styrene content of from 1 .4 to 47 mol% obtained by using a so-called CGCT type catalyst, 
and a film employing it. JP-A-3-163088 and JP-7-53618 disclose pseudo random copolymers obtainable by means of 
a so-called CGCT type catalyst and films employing them. WO95/32095 discloses a (multi layer) shrinkage film 
employing a pseudo random copolymer obtainable by means of a similar CGCT type catalyst. 

ts [001 5] A copolymer obtained by means of a CGCT catalyst has a drawback that it is poor in the transparency in its 
application for a film, since it contains a copolymer component having a relatively large compositional distribution of the 
styrene content and a substantially lower (or higher) styrene content than an average styrene content, especially in the 
case of a copolymer having a styrene content of at most 20 mot%, particularly at most 10 mol%. 
[0016] JP-A-10-60051 discloses an ethylene-styrene copolymer obtainable by means of a similar CGCT type cat- 

so alyst, which is excellent in flexibility and elastic recovery and excellent in transparency and which has a styrene content 
of particularly preferably from 1 4 to 30 mol%. However, when the copolymer having a styrene content which is disclosed 
to be particularly preferred, is employed as a stretch film, the mechanical properties (particularly tensile strength, elastic 
modulus), the film-forming property and the packaging machine compatibility are not satisfactory, and the elastic mod- 
ulus in the prescribed styrene content range is too low (the flexibility is too high) as a stretch film. Further, the prescribed 

25 glass transition temperature is too low especially in a range where the styrene content is at most 1 0 mol%. Therefore, 
it is inadequate with respect to the molding processability as a packaging film, particularly as a stretch packaging film, 
the softness when it is touched with a hand, and the touched feeling. 

Stretch packaging film 

30 

[0017] For stretch packaging, a polyvinyl chloride type film is mainly employed, and an olefin type film made of low 
density polyethylene, an ethylene-vinyl acetate copolymer, linear low density polyethylene or polypropylene, is partly 
employed. 

[0018] However, in recent years, with respect to a polyvinyl chloride film, elusion of a plasticizer contained, or com- 
as bustion gas formed at the time of incineration has been regarded to be problematic. Further, with a single layer or multi 
layer stretch film made of low density polyethylene or an ethylene/vinyl acetate copolymer, the stretchability is limited at 
a level of 1 50%, and there has been a problem that if stretched beyond the limit, the film will rapture. 
[0019] Further, in the case of a film made of linear low density polyethylene, after packaging, an excess stress is 
likely to be exerted to the packaged product, whereby a tray tends to be deformed, the strength after packaging tends 
40 to be weak, or the film tends to stretch non-unrformly, whereby the appearance of the product after packaging tends to 
be poor. If it has an excessive adhesive property, there has been a problem such that a trouble is likely during the pro- 
duction of the film, and the yield tends to be remarkably poor. 

[0020] Further, the olefin type stretch film has had a problem that since it is inadequate in the finger pressure recov- 
ery property, and in its application for food packaging, a non-recoverable dent is likely to be formed in the film by a finger 

45 pressure of a consumer during the display of the commercial product, whereby the appearance as a commercial prod- 
uct will be impaired. Further, it has been pointed out that the bottom sealing property is inadequate. 
[0021 ] Further, a problem has been pointed out such that when an automatic stretch packaging machine for con- 
ventional vinyl chloride type stretching films, is to be used, such a non-vinyl chloride type stretch film using a material 
having a relatively low initial elastic modulus, is likely to stretch, whereby transportation or cutting tends to be difficult. 

so [0022] From the foregoing, it is desired to develop a base material of a non-vinyl chloride type, which has specific 
mechanical properties such as an initial elastic modulus, elastic recovery, high transparency and proper temperature- 
dynamic property simultaneously and which is inexpensive, and a film, particularly a stretch packaging film, employing 
it. 

55 LLDPE substitute polymer 

[0023] On the other hand, linear low density polyethylene (LLDPE) having an a-olef in such as 1 -octene or 1 -hexene 
co-polymerized with ethylene, is widely employed for various molded products, particularly films, as an ethylene type 
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resin which is flexible and has relatively high transparency. 

[0024] LLDPE produced by a Ziegler-Natta catalyst method, is non-uniform in the co-monomer distribution or in the 
molecular weight distribution, and accordingly has problems with respect to the mechanical properties, stickiness, 
transparency, solvent resistance and elution of an oligomer. 

5 [0025] On the other hand, LLDPE by a so-called single site catalyst (metaliocene catalyst or CGCT catalyst) is 
known. This LLDPE has more uniform co-monomer distribution and molecular weight distribution and improved 
mechanical properties, transparency and solvent resistance, and it has been widely employed. 
[0026] However, in order to obtain higher transparency, it is necessary to increase the a-olefin content and 
decrease the polyethylene crystallinity, but at a relatively high a-olefin content the melting point will necessarily lower 

w further, the mechanical properties such as elongation and tensile modulus of elasticity, and the solvent resistance, are 
also strongly dependent on the contained polyethylene crystal structure and are accordingly bound to lower in a rela- 
tively high a-olefin content range. With LLDPE in a relatively low a-olefin content range, the melting point tends to be 
high, but the transparency is low, and the flexibility tends to be low. Namely, it is difficult to satisfy a high melting point 
(heat resistance), mechanical properties (tensile modulus of elasticity), solvent resistance and transparency at the 

is same time. 

[0027] Further, an a-olefin such as 1 -hexene or 1 -octene is relatively expensive, and a more inexpensive and effec- 
tive co-monomer is desired. Among copolymers obtainable by means of the above-mentioned single site catalyst (met- 
aliocene catalyst, CGCT catalyst) system, a copolymer wherein a styrene content is at least 5 mol%, has a low tensile 
modulus of elasticity at a level of not more than 50 MPa as compared with conventional LLDPE and is not suitable as a 
20 substitute for a transparent soft resin having a high tensile modulus of elasticity such as LLDPE. Further, the melting 
point and the crystallinity are also not adequate. 

DISCLOSURE OF THE INVENTION 

25 [0028] It is an object of the present invention to overcome such drawbacks of the prior art and to provide a styrene- 
ethylene copolymer having a specific composition, a high molecular weight, high transparency and a glass transition 
point represented by a specific formula and further having a stereoregularity and a head-to-tail styrene chain structure, 
and a molded product made thereof. Further, the present invention is to solve the above problems and to provide a film, 
sheet or tube, particularly a film excellent in a packaging property and touch feeling, especially a stretch packaging film, 

30 which has a specific composition, excellent mechanical properties and high transparency and which has an elastic 
recovery property (finger pressure regaining property), low temperature characteristics and processability. A further 
object of the present invention is to provide an ethylene type copolymer having a specific composition, a high melting 
point (heat resistance) and high transparency, and an excellent mechanical property such as a high modulus of elastic- 
ity, and a molded product, particularly a film or a sheet, prepared by molding it. 

35 [0029] The present invention is a transparent aromatic vinyl compound-ethylene copolymer having a high transpar- 
ency, which satisfies the following conditions: 

(1) the aromatic vinyl compound content is from 0.5 mol% to 10 mol%; 

(2) as measured with respect to a molded product having a thickness of 0.2 mm, the haze is at most 14%, or the 
40 total light transmittance is at least 90%; 

(3) an ethylene-aromatic vinyl compound copolymer characterized in that the relation of the aromatic vinyl com- 
pound content and the glass transition point (Tg) obtained by an inflection point method as observed at a temper- 
ature ol at least -50°C by a differential scanning calorimeter (DSC), satisfies the following formula (1): 

45 -20+1.00St>Tg>-30+1.05St Formula (1) 

wherein St represents the aromatic vinyl compound content (molar fraction %) in the copolymer; and 

(4) the weight average molecular weight is from 140,000 to 500,000 when the aromatic vinyl compound content is 
from 5 mol% to 10 mol% and from 60,000 to 500,000 when the content is from 0.5 mol% to less than 5 mol%. 

so (5) the stereoregularity of phenyl groups in the alternating structure of an aromatic vinyl compound and ethylene of 
the following formula (1) contained in the copolymer structure is such that the isotactic diad index m is larger than 
0.55: 

- (CH-CH 2 -CH 2 -CH 2 )x- Formula (1) 

I 

Ph 
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(wherein Ph represents an aromatic group such as a phenyl group, and x represents the number of repeating units 
and is an integer of at least 2.) 

The above copolymer of the present invention is preferably a copolymer obtainable by a catalyst which is capa- 
ble of producing a polystyrene having an isotactic stereoregular'rty by homopolymerization of styrene. Further, pref- 
s erably, the molecular weight distribution is at most 3.0, particularly preferably at most 2.5. 

Further, the copolymer of the present invention preferably has the following composition: 

(6) the aromatic vinyl compound content is from 3 moI% to 10 mol%; 

(7) particularly preferably, the aromatic vinyl compound content is from 5 mol% to 10 mol%; and 

(8) the aromatic vinyl compound content is from 0.5 mol% to 5 mor%. 

10 Further, the present inventors have conducted extensive studies to overcome the drawbacks of conventional 

molded products as described above, particularly transparent films, sheets, tubes, various packaging films, partic- 
ularly stretch packaging films, or a transparent soft vinyl chloride resin, and as a result, have surprisingly found that 
an ethylene-aromatic vinyl compound copolymer having a specific composition, obtained by a specific polymeriza- 
tion catalyst, satisfies high transparency, mechanical properties, elastic recovery, cold resistance, touch feeling, 
is processability and transparency all together. Further, it has been found that the ethylene type copolymer of the 
present invention is useful as a novel transparent resin, or in the form of a stretch packaging f ilm, or further as a 
soft transparent resin to be substituted for a conventional transparent soft vinyl chloride resin or an olefin type elas- 
tomer, and the present invention has been accomplished. 

Namely, the present invention is a molded product made of a copolymer having a composition wherein the aro- 
se matic vinyl compound content is from 3 mol% to 1 0 mol%, particularly preferably the aromatic vinyl compound con- 
tent is from 5 mol% to 10 mol%. Preferably, it is a molded product which satisfies at least one of the following 
conditions, particularly preferably all of them: 

(9) the breaking strength is at least 30MPa, preferably at least 40MPa; 

(10) the initial tensile modulus is from 25MPa to 70MPa at room temperature (23°C); 
25 (11) the Shore A hardness is at least 90; 

(12) the elastic recovery from 100% tensile strain at 23°C is at least 70%; 

(13) the loss tan 8 at 0°C of the dynamic viscoelasticity spectrum measured at a frequency of 10 Hz is from 0.05 
to 0.7; and 

(14) the heat of fusion of crystal obtained by DSC is at least 30 J/g. 

30 Further, the present inventors have conducted extensive studies to overcome the above-mentioned drawbacks 

of conventional LLDPE and as a result, have surprisingly found that an ethylene type copolymer having a relatively 
low aromatic vinyl compound content (less than 5 mol%), obtained by a specific polymerization catalyst, satisfies a 
high melting point, a high mechanical property and transparency simultaneously. Further, they have found that the 
ethylene type copolymer of the present invention is useful as a novel transparent resin and as a soft resin to be sub- 

35 stituted for conventional LLDPE, and thus have accomplished the invention. 

Namely, the present invention is a molded product made of a copolymer having a composition wherein the aro- 
matic vinyl compound content is at least 0.5 mol% and less than 5 mol%, particularly preferably at least 1 mol% 
and less than 5 mor%, preferably a molded product which satisfies at least one, particularly preferably all, of the 
following conditions: 

40 (15) the melting point as measured by a differential scanning calorimeter (DSC) is from 100°C to 130°C, and the 
heat of fusion of crystal is at least 60 J/g; and 

(16) the initial tensile modulus is from 50MPa to 200MPa at room temperature (23°C). 

[0030] Now, the present invention will be described in detail. 

45 [0031 ] Determination of the styrene content in the copolymer was carried out by 1 H-NMR, and as instruments, a- 
500 manufactured by Nippon Denshi K-K. and AC-250 manufactured by BRUCKER COMPANY, were employed. It was 
carried out by comparison of intensities of the phenyl group proton-attributable peak (6.5 to 7.5 ppm) and the alkyl 
group-attributable proton peak (0.8 to 3 ppm) using TMS as a standard and employing a chloroform-d solvent or 
1 ,1 ,2,2-tetrachloroethane-d2. 

so [0032] The transparency can be obtained as follows. 

[0033] A test sample for evaluation of the transparency is molded by a heat pressing method (temperature: 1 80°C, 
time: 3 minutes, pressure: 50 kg/cm 2 ) and then rapidly cooled to room temperature (23°C) within 30 seconds to obtain 
a sheet having a thickness of 0.2 mm. 

[0034] For the haze, this sheet is measured by a turbidity meter NDH-2000, manufactured by Nippon Denshoku 
55 K.K., in accordance with JIS-K-7361 -1 . 

[0035] The copolymer of the present invention is considered to be capable of increasing the transparency particu- 
larly with a composition wherein the styrene content is from 0.5 mol% to 10 mol% since the homogeneity of the copol- 
ymer is high, and/or the crystallite size attributable to the polyethylene structure can be reduced. 
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[0036] With the copolymer of the present invention, the glass transition point obtainable by a differential scanning 
calorimeter (DSC), will satisfy the following relational formula. Namely, the relation between the glass transition point 
(Tg) observed at a temperature of at least -50°C and the aromatic vinyl compound content, satisfies the following for- 
mula (1): 

-20+1.00St>Tg>-30+1.05St Formula (1) 

wherein St represents the styrene content (molar fraction %) in the copolymer. Further, here, Tg is a glass transition 
point obtainable by the inflection point method as illustrated in Figure 1. 

[0037] The copolymer having a higher glass transition point, as represented by this formula, shows a relatively high 
glass transition point, whereby the flexibility of the molded product or film tends to decrease at a low temperature such 
as a cold area temperature or a refrigerating temperature. Further, if the glass transition point is lower than the value 
represented by this formula when a molded product or film, particularly a stretch packaging film, is to be used at a tem- 
perature around room temperature, the tan 8 value (loss tangent) by a dynamic viscoelasticity measurement tends to 
be too low, thus leading to a drawback such that the touch feeling as a film or the appearance or touch feeling of the 
film packaged product tends to be poor. Further, when film packaging is carried out by an automatic packaging machine 
or the like, return against elongation is so quick that a phenomenon is likely to take place such that folding ol the film at 
the bottom of the tray tends to be impaired, or the cutting property tends to deteriorate. 

[0038] The glass transition point of the copolymer of the present invention as observed at a temperature of at least 
-50°C by DSC, will satisfy the above formula. However, even at a temperature lower than the glass transition point, this 
c polymer will not be brittle although the flexibility and elongation may decrease. The embrittlement temperature of the 
copolymer of the present invention is not higher than -40°C, substantially not higher than -60°C. At the embrittlement 
temperature, the copolymer of the present invention and its molded product has cold resistance superior to a soft trans- 
par nt polyvinyl chloride and cold resistance equal to a conventional transparent soft resin or LLDPE. 
[0039] With respect to the molecular weight of the copolymer, the weight average molecular weight as calculated 
as a standard polystyrene was obtained by means of GPC (gel permeation chromatography). The measurement was 
made at 145°C using orthodichlorobenzene as a solvent by means of HLC-8121 apparatus, manufactured by TOSOH 
CORPORATION. 

[0040] The copolymer of the present invention has a weight average molecular weight of at least 1 40,000 when the 
aromatic vinyl compound content is from 5 mor% to 10 mol%. Further, the copolymer of the present invention has at 
least 60,000 when the aromatic vinyl compound content is at least 0.5 mol% and less than 5 mol%. If the molecular 
weights are lower than these weight average molecular weights, the mechanical properties such as breaking resistance 
and elongation will not be adequate, and even if the molecular weight distribution is changed, the fluidity tends to be 
high, and it tends to be difficult to apply a molding method such as inflation molding. Further, taking into consideration 
the moldability of the polymer, the weight average molecular weight of the copolymer of the present invention should 
properly be at most 50,000. 

[0041] The DSC measurement was carried out by using DSC200, manufactured by Seiko Denshi K.K. 10 mg of a 
sample was heated from room temperature to 250°C in a N 2 stream at a temperature raising rate of 20°C/min and held 
at 250°C for 10 minutes, and then quenched with liquid nitrogen, and then heated from -100°C to 280°C at a tempera- 
ture raising rate of 10°C/min, whereby the melting point, heat of fusion of crystal and glass transition point (Tg) were 
measured. 

[0042] Further, the copolymer of the present invention is a copolymer wherein the stereoregularity of phenyl groups 
j n the alternating structure of an aromatic vinyl compound and ethylene of the following formula (1) contained in the 
copolymer structure is such that the isotactic diad index m is larger than 0.55, preferably larger than 0.75, more prefer- 
ably larger than 0.85, most preferably larger than 0.95: 

-(CH-CH 2 -CH 2 -CH 2 )x- Formula (1) 

Ph 



(wherein Ph represents an aromatic group such as a phenyl group, and x represents the number of repeating units and 
is an integer of at least 2.) 

[0043] In a case where the aromatic vinyl compound is styrene. the isotactic diad index m of the alternating copol- 
ymer structure of ethylene and styrene, can be obtained by the following formula (i) from an area Ar of the peak attrib- 
utable to the r structure of the methylene carbon peak and an area Am ol the peak attributable to the m structure 
appearing in the vicinity of 25 ppm: 
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m=Am/(Ar+Am) Formula (i) 

[0044] The positions of the peaks may sometimes shift more or less depending upon the measuring conditions or 
the solvent. For example, when chloroform^ is used as a solvent, and TMS is used as standard, the peak attributable 
to the r structure appears in the vicinity of from 25.4 to 25.5 ppm, and the peak attributable to the m structure appears 

in the viciniN of from 25.2 to 25,3 ppm : 

[0045] Further, when tetrachloroethane-d2 is used as a solvent, and the center peak (73.89 ppm) of the triplet of 
tetrachioroethane-d2 is used as standard, the peak attributable to the r structure appears in the vicinity of from 25.3 to 
25.4 ppm, and the peak attributable to the m structure appears in the vicinity of from 25.1 to 25.2 ppm. 
[0046] Here, the m structure represents a meso diad structure, and the r structure represents a racemic diad struc- 
ture. In the styrene-ethylene random copolymer of the present invention, the peak attributable to the r structure is not 
substantially observed in the alternating copolymer structure of ethylene and styrene. 

[0047] Further, the aromatic vinyl compound-ethylene copolymer of the present invention preferably has a head-to- 
tail chain structure of two or more aromatic vinyl compounds which can be represented by the following structure: 



-(CH-CH 2 ) n - 

| Formula (2) 

Ph 



[0048] Wherein n is an optional integer of at least 2, and Ph is an aromatic group such as a phenyl group. 
[0049] Now, the aromatic vinyl compound-ethylene copolymer of the present invention will be described with refer- 
25 ence to a styrene-ethylene copolymer as an example. However, the present invention is by no means restricted to a sty- 
rene-ethylene copolymer. 

[0050] Namely, it is a styrene-ethylene copolymer which can have a chain structure of styrene attributable to peaks 
observed at from 40 to 45 ppm by the 13C-NMR measurement using TMS as standard, preferably a styrene-ethylene 
copolymer which can have a chain structure of styrene units attributable to peaks observed at from 42.3 to 43.1 ppm, 
30 from 43.7 to 44.5 ppm, from 40.5 to 41 .0 ppm and from 43.0 to 43.6 ppm, or preferably a styrene-ethylene copolymer 
which can have a chain structure of styrene units attributable to peaks observed at from 42.3 to 43.1 ppm and from 43.7 
to 44.5 ppm. 

[0051] The styrene-ethylene random copolymer of the present invention is a copolymer comprising a chain struc- 
ture having styrene units bonded head-to-tail, a chain structure having ethylene units bonded and a structure having 
35 styrene units and ethylene units bonded. The proportions of these structures contained in the copolymer vary depend- 
ing upon the each content of styrene or the polymerization conditions such as the polymerization temperature. The pro- 
portions of these structures contained and the distribution of the structures are not restricted by a structural distribution 
by a specific statistical calculation. 

[0052] If the styrene content is small, the proportion of the chain structure having styrene units bonded head-to-tail, 
40 decreases. For example, in the case of a copolymer having a styrene content ol from about 1 0 to 20 mol%, it is difficult 
to directly observe a peak attributable to the chain structure having styrene units bonded head-to-tail by a usual 13C- 
NMR measurement. However, it is evident that by means of the transition metal catalyst component of the present 
invention or by the production method of the present invention, it is possible to produce a homopoiymer having stere- 
oregularity at a higher activity than polymerization of styrene alone, i.e. it is possible to form a chain structure having 
45 styrene units bonded substantially head-to-tail, and since in the copolymer, the proportion of the chain structure having 
styrene units bonded head-to-tail continuously changes in correspondence with the styrene content of from 20 to 99 
mol% at least by the 13C-NMR method, the chain structure having styrene units bonded head-to-tail can be present in 
the copolymer although the amount may be small, even at a level of not more than 20 mor%. 
[0053] Further, the copolymer of the present invention includes an aromatic vinyl compound-ethylene copolymer 
so obtainable by means of a metallocene catalyst which is capable of producing a polystyrene having an isotactic stere- 
oregularity by homopolymerization of styrene. The present invention includes an aromatic vinyl compound-ethylene 
copolymer having a molecular weight distribution (Mw/Mn) of at most 3.0, which is obtainable by means of a catalyst of 
this type. 

[0054] Further, the styrene-ethylene copolymer of the present invention is preferably such that the stereoregularity 
55 of phenyl groups in the chain structure of styrene units, is isotactic. The stereoregularity of phenyl groups in the chain 
structure of styr ne units being isotactic, is meant for a structure which shows an isotactic diad index ms (or a meso 
diad fraction) of more than 0.5, preferably at least 0.7, more preferably at least 0.8. The stereoregularity of the chain 
structure of styrene units can be determined by the peak position and the peak area intensity ratio of methylene carbon 
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in the vicinity of from 43 to 44 ppm as observed by 13C-NMR, and/or by the peak position and the peak area intensity 
ratio of the main chain proton as observed by 1 H-NMR. 

[0055] Further, this copolymer may be represented as a transparent styrene-ethylene copolymer having a head-to- 
tail styrene chain structure, obtainable by means of a metallocene catalyst capable of producing an isotactic polysty- 

5 rene by homopolymerization of styrene. 

[0056] On the other hand, with a so-called pseudo random copolymer which has been known heretofore, a head- 
to-tail chain structure of styrene can not be found even when the styrene content is at the maximum of about 50 mor%. 
Further, even if homopolymerization of styrene is attempted by means of a catalyst for producing a pseudo random 
copolymer, no polymer will be obtained. Although there may be a case where a very small amount of an atactic styrene 

10 homopolymer is obtainable depending upon eg. the polymerization conditions, this should be understood to have been 
formed by cation polymerization or radical polymerization by co-existing methyl almoxane or an alkyl aluminum con- 
tained therein. 

[0057] Depending upon the polymerization conditions or the like, there may be a case where such an atactic poly- 
styrene homopolymer will be contained in the copolymer of the present invention, but its amount is small and usually at 
15 most 5 to 10 wt%, and the copolymer may be used as it is so long as its physical properties, particularly transparency, 
will not depart from the gist of the present invention. Further, such an atactic polystyrene homopolymer can readily be 
separated and removed by e.g. solvent fractionation. 

[0058] It is known that peaks of methylene carbon of a structure attributable to an inversion bond of styrene in a 
c nventional pseudo random copolymer having no stereoregularity, are observed in two regions of from 34.0 to 34.5 

20 ppm and from 34.5 to 35.2 ppm (e.g. Polymer Preprints, Japan, 42, 2292 (1993)). 

[0059] The styrene-ethylene copolymer of the present invention may have a similar structure. In this case, a peak 
attributable to methylene carbon of an inversion bond structure derived from styrene is observed in a region of from 34.5 
t 35.2 ppm, but no substantial peak is observed in a region of from 34.0 to 34.5 ppm. This indicates one of the features 
of the copolymer of the present invention and indicates that high stereoregularity of phenyl groups is maintained even 

25 in an inversion bond structure as shown by the following formula, which is derived from styrene. 

-CH2-CH2-CH-CH2-CH2-CH-CH2-CH2- 

| | Formula (3) 

30 Ph Ph 



35 [0060] Further, the copolymer ol the present invention is preferably a copolymer wherein the alternating structure 
index X of the copolymer given by the following formula (ii) is smaller than 5 and larger than 0.1. 

A,=A3/A2x100 Formula (ii) 

40 [0061 ] Therein A3 is the sum of areas of three peaks a, b, and c attributable to a styrene-ethylene alternating struc- 
ture represented by the following formula (1 % obtained by the 1 3C-NMR measurement, and A2 is the sum of areas of 
peaks attributable to the main chain methylene and methine carbon, as observed within a range of from 0 to 50 ppm by 
1 3C-NMR using TMS as standard. 

45 

a b c b 

-(CH-CH 2 -CH2-CH 2 )x- Formula (1') 

Ph 

50 



[0062] The styrene-ethylene copolymer of the present invention has a characteristic such that it has an alternating 
55 structure of ethylene and styrene having high stereoregularity and at the same time has various structures such as eth- 
ylene chains having various lengths, inversion bonds of styrene and styrene chains having various lengths simultane- 
ously. Further, the styrene-ethylene copolymer of the present invention has a characteristic such that the proportion of 
the alternating structure can be variously changeable by the content of styrene in the copolymer within such a range 
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that the value Jt obtained by the above formula is more than 0. 1 and not more than 1 0, preferably more than 0. 1 and not 
more than 5. 

[0063] As compared with a conventional styrene-ethylene copolymer having no stereoregularity or no styrene 
chain, the copolymer of the present invention exhibits improved performance in e.g. the initial tensile modulus of elas- 
£ ticity, hardness, breaking strength and solvent resistance in each region of the St content and at various degrees of 

*ruf-4*ii;ni*w i+ ehrM.ie /*haror+orie+ir nhveiral nrnnor+ioc ac a nm/el nnrtinn nr as a Inw fTVRtallinP resin. 8 theriTIODlaS- 

tic elastomer or a transparent soft resin. 

[0064] This styrene-ethylene copolymer itself which does not basically contain an exudative plasticizer or halogen, 
has a basic feature that the safety is high. 

w [0065] The copolymer of the present invention is useful as a substitute for a transparent soft vinyl chloride resin, or 
an olef inic plastomer or elastomer, as the initial modulus of elasticity of the copolymer has a high value of from 25 MPa 
to 70 MPa at a styrene content of from 3 mol% to 10 mol%, particularly preferably from 5 mol% to 10 mol%. If the sty- 
rene content is higher than 10 mor%, the tensile modulus of elasticity tends to be lower than 25 MPa, whereby it tends 
to be too soft, and the rubber elasticity tends to be too high, and such is not suitable for such an application. Further, if 

is it is lower than 3 mol% or 5 mol%, the elastic recovery tends to be too low, and the tensile modulus of elasticity tends 
to be too high, such being also not suitable for such an application. 

[0066] The ethylene type copolymer of the present invention is considered to have a high melting point, transpar- 
ency and mechanical properties especially with a composition having a styrene content of at least 0.5 mol% and less 
than 5 mol%, since the uniformity of the copolymer is high and/or it is possible to control the crystallite size while main- 

20 taining the crystallizability attributable to the polyethylene structure. 

[0067] Further, it is considered that the copolymer of the present invention has a highly isotactic stereoregularity in 
the alternating structure of styrene and ethylene and in the chain structure of styrene and styrene, or readily takes an 
alternating structure of styrene-ethylene-styrene also in a low styrene content region, whereby a dense polyethylene 
crystal structure can easily be formed, thereby to give controlled high crystal I izability to the polyethylene structure 

25 and/or to the polyethylene structure containing styrene units. Therefore, a copolymer having a composition wherein the 
styrene content is at least 0.5 mol% and less than 5 mol%, can be suitably used as a novel transparent soft resin as a 
substitute for LLDPE or an olefin type plastomer. 

[0068] In the foregoing, the present invention has been described with respect to a styrene-ethylene copolymer, but 
the copolymer of the present invention is not limited thereto. 

30 [0069] The aromatic vinyl compound to be used in the present invention may, for example, be styrene and various 
substituted styrenes such as p-methylstyrene, m-methylstyrene, o-methylstyrene, o-t-butylstyrene, m-t-butylstyrene, p- 
t-butylstyrene, p-chlorostyrene, o-chlorostyrene and a-methylstyrene. Further, a compound having a plurality of vinyl 
groups in one molecule, such as divinyl benzene, may, for example, be mentioned. Industrially preferably employed is 
styrene, p-methylstyrene or p-chlorostyrene, particularly preferably styrene. 

35 [0070] Further, to the copolymer of the present invention, an olefin, or a conjugated or non-conjugated diene may 
be incorporated as a third component. The olefin may, for example, be a C 3 . 2 o a-olef in, such as propylene, 1 -butene, 1 - 
hexene, 4-methyl-1-pentene, 1 -octane or a cyclic olefin such as cyclopentene or norbornene. Preferably, propylene is 
employed. The conjugated or non-conjugated diene may, for example, be butadiene, isoprene or 1,4-hexadiene, 1,5- 
hexadiene, ethylidene norbornene or dicyclopentadiene, norbornadiene, 4-vinyl-1 -cyclohexane, 3-vinyl-1-cyclohexane, 

40 2-vinyl-1 -cyclohexane, 1-vinyl-l -cyclohexane, the above-mentioned divinyl benzene, particularly preferably various 
vinyl cyclohexanes or divinyl benzene. Such non-conjugated dienes are employed to introduce cross linking points with- 
out impairing the basic physical properties of the aromatic vinyl compound-olefin copolymer, preferably the aromatic 
vinyl compound-ethylene copolymer, as the base of the present invention. Accordingly, the amount to be copolymerized 
is preferably as small as possible within a range where a practical cross linking point density can be obtained. Prefera- 

45 bly, it is from 0.01 to 5 mol%, more preferably from 0.01 to 2 mol%, most preferably from 0.01 to 1 mol%. 

[0071 ] When an olefin other than ethylene is used for the present copolymer, a styrene-ethylene-propylene copol- 
ymer, a styrene-ethylene-1 -hexene copolymer or a styrene-ethylene- 1-octene copolymer is, for example, preferred. 

Method for producing an ethvlene-aromatic vinvl compound copolymer to be used in the p resent invention 

so 

[0072] The ethylene-aromatic vinyl compound copolymer to be used in the present invention is not particularly lim- 
ited by the method for its synthesis so long as it has the above-mentioned composition and properties. However, pref- 
erably, it is obtained by copolymerizing an aromatic vinyl compound monomer and ethylene monomer in the presence 
of a coordination polymerization catalyst. As the coordination polymerization catalyst to be employed, a soluble Ziegler- 
55 Natta catalyst, a transition metal compound catalyst (so-called metallocene catalyst or half metallocene catalyst, CGCT 
catalyst or the like) activated by e.g. methyl aluminoxane or a boron compound. 

[0073] Specifically, the polymerization catalyst disclosed in the following literatures and patents can be employed. 
[0074] Metallocene catalysts are disclosed in USP 5,324,800, WO98/09999, JP-A-7-73488, JP-6-49132, Polymer 
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Preprints, Japan, 42,2292 (1993), Macromol. Chem., Rapid Commua, 17,745 (1996), JP-A-9-309925 and EP- 
0872492A. 

[0075] Halt metallocene catalysts are disclosed in Makromol. Chem. 191,2387 (1990). 
[0076] CGCT catalysts are disclosed in JP-A-3-163088, JP-A-7-53618, and EP-A-416815. 
[0077] Soluble Ziegler-Natta catalysts are disclosed in JP-A-3-250007 and Stud. Surf. Sci. Catal., 517 (1990). 
[0078] Preferably, the present copolymer can be synthesized from an aromatic vinyl compound and an olefin mon- 
omer by a polymerization catalyst comprising a bridged metallocene compound and a cocatalyst. 
[0079] As the bridged metallocene compound to be used, a metallocene compound represented by the following 
Formula (4) is preferably employed: 

A X 

/ \ / 

y ^ Formula (4) 

B X 



so wh r in A and B are groups selected from unsubstituted or substituted cyclopentaphenanthryl groups (Ka 10, 1 1), 
unsubstituted or substituted benzoindenyl groups (Ka 12-14), unsubstituted or substituted cyclopentadienyl groups (Ka 
15), unsubstituted or substituted indenyl groups (Ka 16) and unsubstituted or substituted fluorenyl groups (Ka 17), pro- 
vided at least one of A and B is a group selected from unsubstituted or substituted cyclopentaphenanthryl groups and 
unsubstituted or substituted benzoindenyl groups. Preferably, at least one of A and B is a group selected from unsub- 

25 stituted or substituted benzoindenyi groups. Also in a case where A and B are cyclopentaphenanthryl groups simulta- 
neously, the weight average molecular weight is relatively low when the aromatic vinyl compound (styrene) content is 
at most 10 mol%, whereby it is difficult to satisfy the conditions for the copolymer of the present invention. 



30 



35 



40 



45 



50 



55 
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Ka 12 



R 3 R 3 



R3-/Q 



•R 3 
R3 



15 



R 3 
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Ka 15 




20 



Ka 16 



25 



30 




35 



40 



Ka 17 



50 




55 



(In the above Ka 10-17, each of R 1 to R 8 groups is hydrogen, a C^o alkyl 9 r ° u P- a c 6-io aryl 9 r <> u P. a c 7-20 alkylaryl 
group, a halogen atom, a OSiR 3 group, a SiR 3 group or a PR 2 group (wherein each R is a C^o hydrocarbon group), 
and plurality of R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 or R 8 may, respectively, be the same or different. 
[0080] When A and B are unsubstituted or substituted benzoindenyl groups, they may be the same or different. 
[0081 J The unsubstituted cyclopentaphenanthryl group, may specifically be a 3-cyclopenta[c]phenanthryl group or 
a 1 -cyclopenta[1]phenanthryl group. 
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[0082] The unsubstituted benzoindenyl group, may, for example, be 4,5-benzo-1 -indenyl (another name: 
benzo(e)indenyl), 5,6-benzo-1 -indenyl or 6,7-benzo-1-indenyl, and the substituted benzoindenyl group may for exam- 
ple, be an a-acenaphtho-1 -indenyl group. 

[0083] The unsubstituted cyclopentadienyl group may be cyclopentadienyl, and the substituted cyclopentadienyl 
5 group may, for example, be 4-aryl-l-cydoperrtadienyl, 4,5-diaryl-1 -cyclopentadienyl, 5-alkyM-aryl-1 -cyclopentadienyl, 
4-alkyl-5-aryl-1 -cyclopentadienyl, 4,5<lialkyl-1 -cyclopentadienyl, 5-trialkylsilyl-4-alkyl-1-cyclopentadienyl ( or 4,5- 
dialkylsilyl-1 -cyclopentadienyl. 

[0084] The unsubstituted indenyl group may be 1 -indenyl, and the substituted indenyl group may for example, be 
4-alkyl-1 -indenyl, 4-aryl-1 -indenyl, 4,5-dialkyl-1 -indenyl, 4,6-dialkyM -indenyl, 5,6-dialkyM -indenyl, 4,5-diaryM -inde- 
10 nyl, 5-aryl-1 -indenyl, 4-aryl-5-alkyl-1 -indenyl, 2,6<iialkyl-4-aryl-1 -indenyl, 5,6-diaryl-1 -indenyl, or 4,5,6-triaryM -indenyl. 
[0085] The unsubstituted fluorenyl group may be a 9-fluorenyl group, and the substituted fluorenyl group may, for 
example, be a 7-methyl-9-f luorenyl group or a benzo-9-f luorenyl group. 

[0086] In the above Formula (4), Y is carbon or silicon having bonds to A and B and having other substituents, or a 
methylene group having hydrogen or a C^s hydrocarbon group. The substituents may be the same or different from 

15 one another. Further, Y may have a cyclic structure such as a cyclohexylidene group or a cyclopentylidene group. 
[0087] Preferably, Y is a substituted methylene group having bonds to A and B and substituted by hydrogen or a Cj . 
15 hydrocarbon group. The hydrocarbon group may, for example, be an alkyl group, an aryl group, a cycloalkyl group or 
a cycloaryl group. The substituents may be the same or different from one another. 
' [0088] Particularly preferably, Y is, for example, -CH 2 -, -CMe^-CE^-, -CPh 2 -. a cyclohexylidene or cyclopentyli- 

20 dene group. Here, Me represents a methyl group, Et represents an ethyl group, and Ph represents a phenyl group. 
[0089] X is hydrogen, halogen, a C M5 alkyl group, a C^q aryl group, a alkyl aryl group, a silyl group having 
a 0^4 hydrocarbon substituent. a C^o alkoxy group, or a dialkylamide group having a O h6 alkyl substituent. The hal- 
ogen may, for example, be chlorine or bromine, the alkyl group may, for example, be a methyl group or an ethyl group, 
the aryl group may, for example, be a phenyl group, the alkylaryl group may, for example, be a benzyl group, the silyl 

25 group may, for example, be a trimethylsilyl group, the alkoxy group may, for example, be a methoxy group, an ethoxy 
group or an isopropyl group, and the dialkylamide group may. for example, be a dimethylamide group. 
[0090] M is zirconium, hafnium or titanium, particularly preferably zirconium. 

[0091] As the complex, when a raceme and a meso form exist, the raceme is preferably employed. However, a mix- 
ture of the raceme and the meso form, or the meso form may be employed. Further, a d-isomer or a l-isomer may be 
30 employed. 

[0092] Further, as the complex, when a pseudo raceme and a pseudo meso form exist, the pseudo raceme is pref- 
erably employed. However, a mixture of the pseudo raceme and the pseudo meso form, or the pseudo meso form may 
be employed. 

[0093] The following compounds may be mentioned as examples of such a transition metal catalyst component. 

35 [0094] For example, dimethylmethylene (4,5-benzo-1-indenyl)(3-cyclopenta[c]phenanthryl)zirconium dichloride, 
dimethylmethylene(5,6-benzo-1-indenyl)(3-cyclopenta[c]phenanthryl)zirconium dichloride, dimethylmethylene(6,7- 
benzo-1 -indenyl)(3-cyclopenta[c]phenanthryl)zirconium dichloride, dimethylmethylene(4,5-benzo-1 -indenyl)(1 - 
cyclopenta[1]phenanthryl)zirconium dichloride, dimethylemylene(5,6-benzo-1-irxienyl)(1-cyclopenta[1]phenanthryl)zir- 
conium dichloride, dimethylmethylene(6,7-benzo-l-indenyl)(l-cyclopenta[1]phenanthryl)zirconium dichloride, dimeth- 

40 ylmethylenebis(4,5-benzo-l -indenyljzirconium dichloride {another name: dimethylmethytenebis 
(benzo[e]indenyl)zirconium dichloride), di-n-propylmethylenebis(4,5-benzo-l -indenyljzirconium dichloride, di-i-propyl- 
methylenebis(4,5-benzo-1 -indenyljzirconium chloride, cyclohexylidenebis(4,5-benzo-1 -indenyljzirconium dichloride, 
cyclopentylidenebis(4 ( 5-benzo-1-indenyl)zirconium dichloride, diphenylmethylenebis(4,5-benzo-1-indenyl)zirconium 
dichloride, dimethylmethylene(cyclopentadienyl)(4,5-benzo-1 -indenyljzirconium dichloride, dimethylmethylene(1 -inde- 

45 nyl)(4,5-benzo-1 -indenyljzirconium dichloride, dimethylmethylene(1-f!uorenyl)(4,5-benzo-1 -indenyljzirconium dichlo- 
ride, dimethylmethylene(4-phenyl-1 -indenyl)(4,5-benzo-1 -indenyljzirconium dichloride, dimethylmethylene(4-naphtyl- 
1-indenyl)(4,5-benzo-1 -indenyljzirconium dichloride, dimethylmethylenebis(5,6-benzo-1 -indenyljzirconium dichloride, 
dimethylmethylene^.e-benzo-l -indenyl)(1 -indenyljzirconium dichloride, dimethylmethy)enebis(6,7-benzo-1 -inde- 
nyljzirconium dichloride, dimethylmethylene(6,7-benzo-1-indenyl)(1 -indenyljzirconium dichloride, dimethylmethyl- 

50 enebis(a-acenaphtho-1 -indenyljzirconium dichloride, dimethylmethylenebis(4 l 5-benzo-1- 

indenyl)zirconiumbis(dimethylamide) and dimethyl methylene^ -indenyl)(4,5-benzo-1 -indenyl)zirconiumbis(dimethyla- 
mide) may be mentioned. 

[0095] Especially, the following compounds may be mentioned as examples of a transition metal catalyst compo- 
nent wherein A is a group selected from unsubstituted or substituted benzoindenyl groups, and B is a group selected 
55 from substituted cydopentaphenanthryl groups, unsubstituted or substituted indenyl groups and unsubstituted or sub- 
stituted fluorenyl groups. 

[0096] Dimethylmethylene(1 -indenyl)(4,5-benzo-1 -indenyljzirconium dichloride, dimethylmethylene(1-fluore- 
nyl)(4,5-benzo-1-indenyl)zirconium dichloride, dimethylmethylenefS-cyclopentaMphenanthrylJt^S-benzo-l-inde- 
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nyl)zirconium dichloride, dimethylmethylene(1-cyclopenta[1]phenanthryl)(4,5-benzo-1-indenyl)zirconiu dichloride, 
dimethylmethylene(1 -indenyl)(4,5-benzo-1 -indenyl)zirconiumbis(dimethylamide), and diphenylmethylene(1 -inde- 
nyl)(4,5-benzo-1 -indenyl)zirconium dichloride. 

[0097] in the foregoing, zirconium complexes are exemplified, but similar compounds as the above may suitably be 
5 employed with respect to the titanium and hafnium complexes. Further, a mixture of a raceme and a meso form may be 
employed. Preferably, a raceme or a pseudo raceme is employed. In such cases. D-isomers or L-isomers may be 
employed. 

[0098] As the co-catalyst to be employed in the present invention, a co-catalyst which is used in combination with 
a transition metal catalyst component in the known literatures, may be employed. As such a co-catalyst aluminoxane 
w (or alumoxane) or a boron compound, as disclosed in JP-A-9-309925 or EP-872492, may suitably be employed. 
[0099] Such a boron compound and the above-mentioned organic aluminum compound may be used simultane- 
ously. 

[0100] For the production of the copolymer of the present invention, ethylene and an aromatic vinyl compound are 
contacted with a transition metal catalyst component as a metal complex and a co-catalyst With respect to the order of 

r5 contact and the contacting method, an optional known method may be employed. 

[0101] For the production of the aromatic vinyl compound polymer of the present invention, the above exemplified 
aromatic vinyl compound, the transition metal catalyst component as a metal complex and the co-catalyst are con- 
tacted. With respect to the order of contact and the contacting method, an optional known method may be employed. 
[0102] The above copolymer ization method may be a method wherein polymerization is carried out in a liquid mon- 

20 omer without using a solvent, or a method wherein a saturated aliphatic or aromatic hydrocarbon or a halogenated 
hydrocarbon, such as pentane, hexane, heptane, cyclohexane, benzene, toluene, ethylbenzene, xylene, chloro-substi- 
tuted benzene, chloro-substituted toluene, methylene chloride or chloroform, is used alone or in the form of a mixed sol- 
vent. Further, as the case requires, a method such as batch polymerization, continuous polymerization, batch type 
polymerization, slurry polymerization, preliminary polymerization or gas phase polymerization, may be employed. 

25 [0103] Heretofore, when styrene is employed as a monomer component, it used to be impossible to adopt gas 
phase polymerization, since the vapor pressure is low. However, when the catalyst for polymerization of the present 
invention comprising the transition metal catalyst component and the co-catalyst is employed, the copoiymerization 
ability of styrene is very high, and copoiymerization is possible even at a low styrene monomer concentration. Namely, 
copoiymerization of an olefin with ethylene is possible even under a low styrene partial pressure under a gas phase 

30 polymerization condition. In such a case, the transition metal catalyst component for polymerization and the cocatalyst 
may be employed as supported on a suitable known carrier. 

[0104] The polymerization temperature is suitably from -78°C to 200°C. A polymerization temperature lower than - 
78°C is industrially disadvantageous, and if it exceeds 200°C, decomposition of the metal complex is likely to take 
place, such being undesirable. Industrially more preferably, it is from 0°C to 160°C, particularly preferably from 30°C to 
35 160°C. The pressure during the copoiymerization is suitably from 0.1 atm to 100 atm, preferably from 1 to 30 atm, par- 
ticularly industrially preferably, from 1 to 10 atm. 

[01 05] Then an organic aluminum compound is used as a cocatalyst, it is used in an aluminum atom/complex metal 
atomic ratio of from 0.1 to 100,000, preferably from 10 to 10,000, to the metal of the complex. If it is smaller than 0.1, 
the metal complex can not be activated, and if it exceeds 100,000, such is economically disadvantageous. 
40 [0106] When a boron compound is employed as a cocatalyst, it is used in a boron atom/complex metal atom ratio 
of from 0.01 to 100, preferably from 0.1 to 10, particularly preferably 1. 

[0107] If it is less than 0.01 , the metal complex can not effectively be activated, and if it exceeds 100, such is eco- 
nomically disadvantageous. 

[0108] The metal complex and the cocatalyst may be mixed and prepared outside the polymerization tank, or may 
45 be mixed in the tank at the time of polymerization. Further, a known chain transfer agent such as hydrogen may be 
added at the time of polymerization to control the molecular weight of the copolymer. 

Molded product made of the polymer of the present, invention 

so [01 09] Now, the molded product made of the copolymer of the present invention will be described. 

[011 0] The copolymer of the present invention can be molded by an optional known molding method which is com- 
monly employed for other ethylene type resins. As an example of the molding method, a known molding method such 
as vacuum molding, injection molding, blow molding, inflation molding or extrusion molding, may be employed. 
[01 1 1 ] The copolymer of the present invention can be molded and used in various forms such as a film, a sheet, a 

55 tube and a package. The film or the sheet usually has a thickness of at most 3 mm and at least 10 u.m. Especially, the 
film has a thickness of at most 1 mm and at least 10 jim, preferably at most 200 \ur\ and at least 10 urn. The present 
film or sheet can be prepared by an optional molding method or production method known to those skilled in the art. 
[01 1 2] Further, the film of the present invention can be obtained by blending other polymer, elastomer, rubber or the 
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like, as the case requires, or it may be laminated with other films to form a multilayer structure. 
[01 1 3] Likewise, a stabilizer, an aging-preventing agent, a light resistance improving agent, an ultraviolet absorber, 
a plasticizer, a softening agent, a lubricant, a processing adjuvant, a colorant, an antistatic agent an anti-fogging agent, 
a blocking-preventing agent, a crystal nucleating agent, etc. may be incorporated as the case requires. These additives 

5 may be used alone or in combination of a plurality of them. 

[0114] The ethylene-styrene copolymer to be suitably employed in the present invention, is excellent in transpar- 
ency. Accordingly, when such a copolymer is used alone as the main constituting units, it is possble to obtain a film hav- 
ing excellent transparency. Specifically, a case may be mentioned wherein the ethylene-styrene copolymer of the 
present invention is preferably at least 5 wt%, more preferably at least 50 wt%, particularly preferably at least 98 wt%. 

70 [01 1 5] Whereas, in the case of film containing the ethylene-styrene copolymer of the present invention as a com- 
position, there is a method of blending it with a resin, an elastomer, a rubber or an additive which has characteristics 
such that the refractive index value is close, and it is excellent in transparency. In such a case, the difference in the 
refractive index between the two is preferably at most 0.2, more preferably at most 0.05, particularly preferably at most 
0.02. Further, in such a case, the transparency can further be improved if the difference in the compatibility parameter 

is value is within a certain level. Specifically, it is preferably at most 5 (cal/cm 3 )1/2, more preferably at most 3 (cal/cm 3 )1/2, 
particularly preferably at most 1 (cal/cm 3 )1/2. 

[0116] The refractive indices and the compatibility parameter values of the resin, the elastomer, the rubber, the 
additive, etc. to be Wended, are known as disclosed, for example, in Polymer Handbook, third edition, published by 
WILEY INTERSCIENCE COMPANY. 
20 [01 1 7] Further, also when the resin, the elastomer, the rubber, the additive, etc. are dispersed in fine particles, pref- 
erably at a level of at most 0.5 \im, more preferably at most 0.2 jim, particularly preferably at most 0.05 urn, it is possible 
to btain a film having excellent transparency. 

[0118] Further, in order to improve the physical properties of the molded product of the copolymer of the present 
invention, an olef in-styrene copolymer having an optional styrene content or having a different molecular weight may be 
25 incorporated in an optional amount to obtain a composition. In such a case, the olefin may be ethylene or other a-olefin. 
[01 1 9] Further, in order to improve the physical properties, the copolymer of the present invention may be employed 
as a composition with other resin. 

[01 20] The polymer which can be blended, is not particularly limited. However, an olefin type resin such as isotactic 
polypropylene, syndiotactic polypropylene, atactic polypropylene, straight chain low density polyethylene (L-LDPE), low 

30 density polyethylene (LDPE), a block or random copolymer of ethylene or propylene with an a-olefin such as butene, 
hexane or octane, polymethylpentene, polybutene-1 , an ethylene-acrylate copolymer, an ethylene-methacrylate copol- 
ymer or an ethylene-vinyt acetate copolymer, an ionomer resin, or a styrene type resin such as polystyrene, a styrene- 
methacrylate copolymer, or a styrene-acrylonitrile copolymer, may, for example, be mentioned. 
[0121] The elastomer and the rubber which can be blended, are not particularly limited. However, a styrene-buta- 

35 diene block copolymer (SBS) and its hydrogenated product (SEBS), a styrene-butadiene rubber (SBR) and its hydro- 
genated product, butadiene rubber (BR), a styrene-isoburene block copolymer (SIS) and its hydrogenated product 
(SEPS), and a styrene-butadiene-methylmethacryiate copolymer (MBS) may, for example, be mentioned. 
[0122] To the above-mentioned ethylene-aromatic vinyl compound copolymer of the present invention or its com- 
position, an additive such as a softening agent, a heat stabilizer, an antistatic agent, a weather resistance agent, an 

40 antioxidant, a filler, a colorant, a lubricant or an antifogging agent, may be incorporated as the case requires within a 
range not to impair the purpose of the present invention. As the filler, specifically, calcium carbonate, talc, clay, calcium 
silicate, magnesium carbonate or magnesium hydroxide may, for example, be mentioned. 

[01 23] Further, as a softening agent which can be incorporated as the case requires, in order to adjust the hardness 
or f lowability of the product, various types such as a paraffin type, naphthene type or aroma type process oil, a mineral 

45 oil type softening agent such as liquid paraffin, castor oil and linceed oil, may specifically be employed. The amount of 
such a softening agent is usually preferably from 0 to 150 parts by weight, per 100 parts by weight of the copolymer. 
[0124] The molded product of a copolymer having a composition wherein the aromatic vinyl compound content is 
at least 3 mol% and less than 10 mol%, preferably the aromatic vinyl compound content is at least 5 mol% and at most 
1 0 mol%, among the copolymers of the present invention, preferably satisfies at least one, particularly preferably all, of 

so the following conditions: 

(9) the breaking strength is at least 30MPa, preferably at least 40MPa; 

(10) the initial tensile modulus is from 25MPa to 70MPa at room temperature (23°C); 

(11) the Shore A hardness is at least 90; 

55 (12) the elastic recovery from 100% tensile strain at 23°C is at least 70%; 

(13) the loss tan 6 at 0°C of the dynamic viscoelastictty spectrum measured at a frequency of 10 Hz is from 0.05 
to 0.7; and 

(14) the heat of fusion of crystal obtained by DSC is at least 30 J/g. 
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[01 25] Namely, it is useful as a molded product of a novel transparent resin, such as a film, sheet, tube or package, 
especially as a stretch packaging film, and further as a soft transparent resin to be substituted for conventional trans- 
parent soft vinyl chloride resin or an olefinic elastomer, in order to satisfy high transparency, mechanical properties 
(breaking strength, tensile modulus of elasticity), elastic recovery, hardness, cold resistance, touch feeling, processa- 
5 bility and transparency simultaneously. 

Required properties as a film t 

[01 26] The relation of the initial modulus of elasticity (tensile modulus of elasticity) and the styrene content (mol%) 

70 of the ethylene-styrene copolymer to be used in the present invention, is from 25 MPa to 70 MPa at a content of at least 
3 and less than 1 0%, from 30 MPa to 70 MPa at a content of at least 5 and less than 1 5%, and from 30 MPa to 70 MPa 
at a particularly preferred content of at least 5 to less than 10%, such being suitable for a film, particularly for a stretch 
packaging film. The characteristics and physical properties as a film, depend largely on the initial tensile modulus of 
elasticity (hereinafter referred to simply as the initial modulus) of the polymer to be used. 

75 [0127] In the present invention, the initial tensile modulus of elasticity represents the modulus of elasticity at an 
elongation of 0% on a stress-strain curve by a tensile test, and represents a Young's modulus in a low strain region (a 
linear elasticity region) in accordance with the Hooke's law on the stress-strain curve by the tensile test. A specific 
measuring method is disclosed, for example, in J IS K7113. For example, a film employing a polymer having an initial 
modulus of lower than 25 MPa, is elastic and easily be elongated, or has little tension against stress, whereby it has 

20 problems from the viewpoint of working efficiency such that it gives an unreliable impression when used for stretch 
packaging, and its cutting property is so poor that it is not suitable for an automatic packaging machine. 
[0128] On the other hand, in the case of a film obtainable from a polymer having a initial modulus exceeding 70 
MPa. such as a LLDPE film or a multilayer film containing it, it is hardly stretched, and when used for stretch packaging, 
an excess stress will be exerted to the packaged product, whereby the packaged product is likely to be deformed, 

25 crushed or wrinkled, such being undesirable. Therefore, when a film is employed for stretch packaging, the initial mod- 
ulus of the polymer to be used is preferably within a certain predetermined range. Although it depends also on the par- 
ticular application, a proper range of the initial modulus of the polymer to be used, is from 25 MPa to 70 MPa. preferably 
from 30 MPa to 70 MPa, particularly preferably from 30 MPa to 60 MPa, at 23°C. 

[0129] In general, the initial modulus of a film will be improved by a stretching operation. Accordingly, in order to 
30 measure the initial modulus of the material itself, it is necessary to carry out the measurement of the initial modulus with 
respect to a film in a substantially non-stretched state, obtainable by press molding or extrusion molding involving no 
stretching. Especially when the film of the present invention is employed as a stretch packaging film, it is necessary to 
employ a polymer having, in addition to the above initial modulus, a proper elastic recovery from elongation i.e. a low 
elongation set. A film employing a material having a low elastic recovery such as a linear low density polyethylene 
35 (LLDPE), has problems such that the tension of the packaging film lowers and sagging will result due to e.g. a stress 
exerted during the storage or display of the packaged commercial product, or impressions due to finger pressing during 
the display, will remain to impair the outer appearance (finger pressure recovery being low). 
[0130] Therefore, a film employing an ethylene-styrene copolymer having an elastic recovery of preferably at least 
70%, particularly preferably at least 75%, is suitable as a packaging stretch film. (The method for measuring the elastic 
AO recovery is disclosed in Examples.) 

[0131] The ethylene-styrene copolymer of the present invention wherein the styrene content is at least 3 and at 
most 10%, preferably at least 5 and less than 10%, by molar fraction, exhibits a high elastic recovery of at least 70%, 
particularly at least 75% and thus can be suitably used for a stretch packaging film. 

[0132] Further, especially, the packaging film may sometimes be used at a low temperature and is preferably excel- 
45 lent in low temperature characteristic. Accordingly, the copolymer is required to be a copolymer whereby the relation of 
the aromatic vinyl compound content (St) and the glass transition point (Tg) observed at a temperature of at least -50°C 
by a differential scanning calorimeter (DSC) will satisfy the Formula (1): 

-20+1 .00St>Tg>-30+1 .05St Formula (1) 

so 

wherein St represents the aromatic vinyl compound monomer content represented by mol%. 
[0133] In the case of a copolymer having a glass transition point higher than the one shown by this formula, the 
glass transition point is relatively high, whereby the film tends to be too hard at a low temperature such as a chilled stor- 
age temperature (5°C) or a refrigerating temperature. Further, if the glass transition point is lower than the value repre- 
ss sented by this formula, when the film, particularly the stretch packaging film, is used at about room temperature, the 
tan 6 -value (loss tangent) by the measurement of the dynamic viscoelasticity tends to be too low, thus leading to a 
drawback that the touch as a film, the outer appearance of the film packaged product and the feel are poor. Further, 
when it is used for packaging by an automatic packaging machine or the like, the return against elongation is so quick 
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thai, for example, the holding back of the film at the bottom of the tray tends to be impaired, or the cutting property tends 
to deteriorate. Here, the glass transition point is a glass transition point obtainable by an inflection point method by the 
DSC measurement. 

[0134] Further, so long as the glass transition points observed at a temperature of at least -50°C all satisfy the 
5 above conditions, the copolymer of the present invention may have at least one other glass transition point at a temper- 
ature lower than -50°C. 

[0135] Further, with the ethyl en e-styrene copolymer to be used in the present invention, the loss tan 8 at 0°C of 
the dynamic viscoelasticity spectrum measured at a frequency of 10 Hz is from 0.05 to 0.7, preferably from 0.1 to 0.6, 
more preferably from 0.2 to 0.5. If tan 8 at 0°C is less than 0.05, when the copolymer is made into a film, the low tern- 
io perature characteristic tends to be inadequate, such that the elastic characteristic at a low temperature tends to be too 
strong. Further, if it exceeds 0.8. wrinkling, sagging or the like of the package tends to result during the storage at a low 
temperature, and the finger pressure recovery tends to be low, and thus the low temperature characteristic of the film 
tends to be likewise inadequate. 

[01 36] The film made of the copolymer of the present invention can be made to be a film which has a draw ratio of 
is from 1 .2 to 50 times at least in one direction. Here, the draw ratio means a draw ratio in hot drawing, to which a molten 
resin composition is subjected at a die opening of an extrusion molding machine while being cooled and solidified. For 
example, it includes a blow-up ratio (the maximum diameter of a bubble/the slit diameter of the die) in an inflation sys- 
tem and a drawdown ratio (the linear velocity of the first cooling roll outer diameter/the resin flow rate at the die opening) 
of a T-die system. Further, at least in one direction usually means one direction among the film flow direction and the 
20 directi n perpendicular thereto, in extrusion molding. A preferred range of the blow-up ratio is from 1.2 to 10 times, a 
preferred range of the drawdown ratio is from 5 to 50 times. 

[01 37] It is apparent that high transparency is required for a transparent film or a transparent stretch packaging film. 
If the transparency is low, it tends to be difficult to ascertain the content of the packaged product, whereby the conven- 
ience and the appearance will be impaired. The film made of the copolymer of the present invention may have a haze 
25 of at most 1 .5% in a thickness of from 3 urn to 1 00 ^m. 

[0138] The molded product of the present invention, particularly the film or the stretch packaging film, may be sub- 
jected to surface treatment such as corona, ozone or plasma treatment, coating of an anti-fogging agent, coating of a 
lubricant printing or the like. 

[0139] Among molded products of the present invention, the film or the stretch packaging film, can be prepared as 
30 a stretched film subjected to monoaxial or biaxial stretching orientation, as the case requires. 

[0140] Rims or stretch packaging films of the present invention may be bonded to one another or to materials of 
other thermoplastic resins, by fusion by means of heat, ultrasonic or high frequency waves or by a technique such as 
bonding by means of e.g. a solvent. 

[0141] Further, when it is used as a stretch packaging film for foods, packaging can be suitably conducted by an 
35 automatic packaging machine or by a manual packaging machine. 

[0142] For the production of a transparent film or a stretch packaging film of the present invention, a usual extrusion 
film forming method such as an inflation system or a Tdie system, may be employed. 

[0143] The thickness of the film or the stretch packaging film of the present invention is not particularly limited, but 
it is usually from 3 jim to 1 mm, preferably from 10 urn to 0.5 mm. To use it as a stretch packaging film for foods, the 
40 thickness is preferably from 5 to 100 urn, more preferably from 10 to 50 \im, 

[0144] For the purpose of improving the physical properties, the film or the stretch packaging film of the present 
invention may be laminated with a film of e.g. isotactic or syndiotactic polypropylene, high density polyethylene, low 
density polyethylene (LDPE or LLDPE), polystyrene or polyethylene terephthalate. 

[01 45] Further, the film or the stretch packaging film of the present invention has self -tackiness, since the contained 
45 ethylene-styrene copolymer itself has self -tackiness or adhesiveness to some extent. In a case where a stronger serf- 
tackiness is required, it may be laminated with other film having self-tackiness to obtain a multilayered film. 
[0146] Further, when a stretch packaging film having a non-tacky surface and a tacky surface on the front and rear 
sides, is desired, other non-tacky surface maybe made of an ethylene-styrene copolymer having a higher ethylene con- 
tent or a linear low density polyethylene having a density of at least 0.916 g/cm 3 in a thickness of from 5 to 30% of the 
so total thickness, the interlayer may be made of the ethylene-styrene copolymer to be used in the present invention, and 
the tacky layer may be made of one having from 2 to 10 wt% of liquid polyisobutyiene. liquid polybutadiene or the like 
incorporated to the ethylene-styrene copolymer to be used in the present invention, one having from 2 to 10 wt% of liq- 
uid polyisobutyiene, liquid polybutadiene or the like incorporated to a linear low density polyethylene having a density 
of at least 0.916 g/cm 3 , or an ethylene/vinyl acetate copolymer, in a thickness of from 5 to 30% of the total thickness, to 
55 obtain a multilayer film. Otherwise, it is also possible to incorporate a suitable tackrfier in a suitable amount 

[0147] Specific applications of the film of the present invention are not particularly limited, but it is useful as a gen- 
eral packaging material or a container and can be used for e.g. a packaging film, a bag or a pouch. Especially, it can 
suitably be used as a stretch packaging film or a pallet stretching film for food packaging. 
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[0148] Further, when the film of the present invention has a thickness of, for example, at least 100 \im, a packaging 
tray for foods, electrical products, etc., can be molded by a technique such as heat molding such as vacuum molding, 
compression molding or air-pressure forming. 

[0149] The copolymer of the present invention or its composition is very useful also as a substitute for a soft vinyl 
s chloride resin from the viewpoint of its transparency and high mechanical properties. 

Use as a substitute for LLDPE or olefin type elastomer 

[0150] A molded product made of a copolymer having a composition with an aromatic vinyl compound content of 
w at least 0.5 mol% and less than 5 mol%, particularly preferably at least 1 mol% and less than 5 mol%, among the copol- 
ymers of the present invention, is a molded product satisfying preferably at least one, particularly preferably all, of the 
following conditions, whereby, it is possible to satisfy a high melting point, high mechanical properties and transparency 
at the same time, and as a novel transparent resin, it is useful as a soft resin to be substituted for conventional LLDPE 
or an olefin type plastomer: 

15 

(15) the melting point as measured by a differential scanning calorimeter (DSC) is from 100°C to 130°C, and the 
heat of fusion of crystal is at least 60 J/g; and 

(16) the initial tensile modulus is from SOMPa to 200MPa at room temperature (23°C). 

20 [01 51 ] By the present invention, it is possible to provide a transparent aromatic vinyl ethylene copolymer excellent 
in the mechanical properties, transparency, low temperature characteristics and mddability, and its molded product 
(such as a film, sheet or tube). 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0152] 

Figure 1 shows the methods for measuring the glass transition point (Tg) (Tangent intersection method and inflec- 
tion point method). 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0153] Now, the present invention will be described with reference to Examples. But the present invention is by no 
means restricted to the following Examples. 
35 [0154] In the following description, Cp represents a cyclopentadienyl group, Ind a 1-indenyl group, Bzlnd a 4, 5- 
benzo-1-indenyl group, CpPhen a 3-cyclopenta[C]phenanthryl group, Flu a 9-fluorenyl group, Me a methyl group, Et an 
ethyl group, tBu a tertiary butyl group, and Ph a phenyl group. 

[0155] The analyses of copolymers obtained in the respective Examples and Comparative Examples were carried 
out by the following methods. 

40 [0156] The 13C-NMR spectrum was measured by using TMS as standard, by using a chloroform-d solvent or a 
1 ,1,2,2-tetrachloroethane-d2 solvent, by means of a-500 manufactured by Nippon Denshi KabushiW Kaisha. Here, the 
measurement using TMS as standard is the following measurement. Firstly, using TMS as standard, the shift value of 
the center peak of triplet 13C-NMR peaks of 1,1,2,2-tetrachloroethane-d2 was determined. Then, the copolymer was 
dissolved in 1,1,2,2-tetrachloroethane-d2, and the 13C-NMRwas measured, whereby each peak shift value was calcu- 

45 lated, based on the triplet center peak of 1,1,2,2-tetrachloroethane-d2. The shift value of the triplet center peak of 
1 ,1 ,2,2-tetrachloroethane-d2 was 73.89 ppm. 

[0157] The 13C-NMR spectrum measurement for quantitive analysis of peak areas, was carried out by a proton 
gate decoupling method having NOE erased, by using pulses with a pulse width of 45° and a repeating time of 5 sec- 
onds as standard. 

so [0158] When the measurement was carried out under the same conditions except that the repeating time was 
changed to 1 .5 seconds, the measured values of peak areas of the copolymer agreed to the values obtained in the case 
where the repeating time was 5 seconds, within measurement error. 

[0159] The styrene content in the copolymer was determined by 1 H-NMR. As the apparatus, a-500 manufactured 
by Nippon Denshi KabushiW Kaisha and AC-250 manufactured by BRUCKER COMPANY, were employed. The deter- 
55 mination was earned out by comparing the intensity of the proton peak attributable to a phenyl group (6.5 to 7.5 ppm) 
and the proton peak attributable to an alkyl group (0.8 to 3 ppm), measured by using TMS as standard and a chloro- 
form-d solvent or 1 ,1 ,2,2-tetrachloroethane-d2. 

[01 60] As the molecular weights in Examples, weight average molecular weights as calculated as standard polysty- 
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rene, were obtained by means of GPC (Gel Permeation Chromatography). 

[0161] As the molecular weights of the copolymers, weight average molecular weights as calculated as standard 
polystyrene, were obtained by GPC (Gel Permeation Chromatography). The measurement was carried out at 145°C by 
using o-dichlorobenzene as a solvent by means of HLC-8121 apparatus, manufactured by TOSOH CORPORATION, or 
5 at 135°C ( by using 1 ,2,4-trichlorobenzene as a solvent by means of GPC-7100, manufactured by Senshu Kagaku 
Kabushiki Kaisha, or by using 1 ,2,4-trichlorobenzene as a solvent, by means of 150CV apparatus, manufactured by 
Waters Company. 

[0162] The DSC measurement was carried out by using DSC 200 manufactured by Seiko Denshi K.K. in a nitrogen 
stream at a temperature raising rate of 10°C/min. A sample (10 mg) was once heated to 250°C and maintained for a 

w few minutes, and then rapidly cooled at a rate of at least 2°C/min by liquid nitrogen. Then, the temperature was raised 
at a rate of 10°C/min from •100°C 1 whereby the glass transition point and the melting point were determined. The heat 
of fusion of crystal was obtained from the crystal fusion peak area observed at a temperature of at least 60°C. 
[01 63] Further, as a sample for evaluation of the transparency, a film having a thickness of 0.2 mm or 1 .0 mm was 
employed which was formed by pressing under the conditions of heal pressing method (temperature: 180°C, time: 3 

75 minutes, pressure: 50 kg/cmfta) of a heat pressing method, followed by cooling to room temperature (23°C) within 30 
seconds). The haze and the total light transmittance were measured by using this sheet in accordance with JIS K-7361 - 
1 by means of a turbidity meter NDH-2000, manufactured by Nippon Denshoku K.K. 

[01 64] The physical property test of the molded product, the film-formation and the evaluation of the physical prop- 
rti s of the obtained film, were carried out by the following methods. 

so 

Press molding and tensile test 

[0165] By a heat press method (temperature: 180°C, time: 3 minutes, pressure: 50 kg/crrr^G), a film (sheet) having 
a thickness of 1 .0 mm was prepared and used. In accordance with JIS K-71 1 3, H was punched out in a shape of the JIS 
25 No. 2 small size (1/2) test specimen, followed by measurement at a tensile speed of 100 mm/min using a tensile tester 
of Tensilone RTM-1T model. The tensile modulus (initial modulus) was obtained from the inclination of the tangent line 
at an elongation of 0% on the stress-strain curve by the tensile test. 

[0166] The elastic recovery was obtained as follows. Using the JIS No. 2 small size (1/2) test specimen, it was 
pulled by a tensile tester to a strain of 100% with a distance between chucks being 20 mm (L0) and maintained for 10 
30 minutes, whereupon the stress was released (without repulsion), and the length after one minute was represented by 
(L) t whereupon the elastic recovery was obtained by the following formula. 

Elastic recovery = {1 -(L-L0)/L0)x 1 00 

35 Vjcat softening point 

[0167] A sheet having a thickness of 4 mm was prepared by a heat pressing method, and a test specimen of 10 
mm x 10 mm was cut out. In accordance with JIS K-7206, it was measured under a load of 320 g at an initial tempera- 
ture of 40°C under a temperature raising condition of 50°C/hr using HDT & VSPT tester S3-FH, manufactured by Toyo 
40 Seiki. 

Measurement of dynamic viscoelasticitv 

[0168] Using a dynamic viscoelasticity measuring apparatus (SOLIDS ANALYZER RSA-II), manufactured by Reo- 
45 metric Scientific Company), the loss tangent 6 was measured at a frequency of 10 Hz in a temperature range of from 
-70°C to +70°C at a temperature raising rate of 5°C/min with a strain of 0.5%. As a sample, one in a film shape with a 
distance between chucks of 22.6 mm x a width of 3 mm x a thickness of 30 jim, was used. 

Stretch film forming 

so 

[0169] Using a laboplasto mill (manufactured by Toyo Seiki K.K.) of extruder type (cylinder diameter: 20 mm, 
L/D=21), stretch film-forming was carried out (film width=100 mm) at a cylinder temperature of from 120 to 210°C at a 
die temperature of from 150 to 210°C at a screw rotational speed of 80 rpm using a screw of a shallow flight Dulmage 
head type (CR=2.9), a feed/compression/metering (full-flight + double flighted Dulmage)=7D/5D/9D and a die of 
55 coathanger type (width: 1 50 mm, lip opening: 0.3 mmt). 
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Tensile test of a stretch film sample 

[0170] In accordance with JIS K-6251 , the film was cut into a No. 1 test piece shape, and using a tensile tester of 
AGS-1 00D model, manufactured by Shimadzu Corporation, the measurement was carried out at a tensile speed of 500 
5 mm/min. 

Finger pressure recovery test of a stretch film 

[0171] The finger recovery of a film was determined by stretching the film by 10% in a width direction and then 
10 pushing a rod having a radius of curvature of 12.5 mm at its forward end against the film surface having a diameter of 
45 mm, whereby the depth at the limit in recovery within one minute was obtained. The test was repeated five times, 
and represented by a range of the maximum value and the minimum value (the minimum value to the maximum value). 

Packa ging machine aptitude of a stretch film 

15 

[0172] Using a stretch packaging film obtained by film faming, the packaging machine aptitude was evaluated by 
means of an automatic packaging machine. 

Low temperature characteristics of a stretch film 

so 

[01 73] A content was wrapped with a stretch packaging film obtained by film forming and stored at 5°C for 24 hours, 
whereupon the tensional state of the packaging film as its appearance, the presence or absence of formation of wrin- 
kles, sagging or the like and the recovery after pressing the film for from 5 to 10 mm with a finger, were evaluated as a 
whole. One which is susceptible to wrinkles, sagging or the like when touched with a hand and which shows low recov- 
25 ery after pressed with a finger, was designated by X. 

EXAMPLE 1 

Preparation of a copolymer 

30 

[0174] Using rac-dimethylmethyienebis(4,5-benzo-1 -indenyl)zirconium dichloride as a transition metal compound, 
the preparation was carried out under the conditions as shown in Table 1 as follows. 
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45 

[0175] Polymerization was carried out by means of a polymerizer having a capacity of 150/ and equipped with a 
stirrer and a jacket for heating and cooling. 

[0176] 69* of dehydrated cyclohexane and 3/ of dehydrated styrene were charged and heated and stirred at an 
internal temperature of about 50°C. 84 mmol of triisobutyl aluminum and 84 mmol, based on At, of methytalmoxane 

so (PMAO, manufactured by Toso Akuzo Company) were added. Ethylene was immediately introduced, and after the pres- 
sure was stabilized at 1 .0 MPa (9 kg/cm 2 G), from the catalyst tank installed above the polymerizer, 100 m* of atoluene 
solution having 84 jimol of rac-dimethylmethylenebis(4,5-benzo-1 -indenyl)zirconium dichloride, the catalyst obtained by 
the above-mentioned preparation A of a transition metal catalyst component, and 2 mmol of triisobutyl aluminum dis- 
solved therein, was added to the polymerizer. Immediately, heat generation started, and therefore, cooling water was 

55 introduced to the jacket. The internal temperature increased to 58°C, but thereafter, polymerization was carried out for 
2.0 hours while maintaining the internal temperature at about 50°C and the pressure at 1.0 MPa. 
[0177] Aft r completion of the polymerization, the obtained polymerization reaction solution was deaerated and 
then treated by the following crumb-forming method to recover the polymer. 
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[0178] The polymerization reaction solution was introduced over a period of one hour into 300* of heated water of 
85°C containing a vigorously stirred dispersant (PULRONIC, trade name). Thereafter, stirring was continued at 97°C for 
one hour, and then the hot water containing the crumb was put into cool water to recover the crumb. The crumb was 
dried in air at 50°C and then vacuum-deaerated at 60°C to obtain about 7 kg of a polymer having a good crumb shape 
5 having a size of about a few mm. 

10179] Further, a part of the polymerization reaction solution was withdrawn as it was from the polymerizer and 
introduced gradually into vigorously stirred excess methanol to let the formed polymer precipitate. It was dried under 
reduced pressure at 80°C until no more weight change was observed. The polymer recovered in this manner was 
press-molded, and the haze was measured. 

10 

EXAMPLE 2 

Preparation of a copolymer 

75 [0180] Using rac<iimethylmethylenebis(4,5-benzo-1 -indenyQzirconium dichloride as a transition metal compound, 
the pr paration was carried out under the conditions as identified in Table 1 . 



20 Me BzIndCl 

\ / \ / 

C Z r 

/ \ / \ 

25 Me BzIndCl 
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EXAMPLE 3 

Preparation of a copolymer 

35 [01 81 ] Using rac-dimethylmethylenebis(4,5-benzo-1 -indenyl)zirconium dichloride as a transition metal compound, 
the preparation was carried out as follows under the conditions as identified in Table 1 . 

[0182] Polymerization was carried out by means of an autoclave having a capacity of 1 01 and equipped with a stir- 
rer and a jacket for heating and cooling. 

[0183] 4,600 ml of dehydrated toluene and 200 ml of dehydrated styrene were charged, and heated and stirred at 
40 an internal temperature of 70°C. About mi of nitrogen was bubbled to purge the interior of the system, and 8.4 mmol 
of triisobutyl aluminum and 8.4 mmol, based on Al, of methylalmoxane (PMAO, manufactured by Toso Akzo Company) 
were added. Ethylene was immediately introduced, and after stabilizing the pressure at 1.1 MPa (10 kg/cm 2 G), from a 
catalyst tank installed above the autoclave, about 50 ml of a toluene solution having 8.4 urn of the transition metal com- 
pound and 0.84 mmol of triisobutyl aluminum dissolved therein, was added to the autoclave. Due to rapid polymeriza- 
45 tion, the internal temperature increased to the maximum of 98°C instantaneously, and the ethylene pressure decreased 
to the minimum of 0.5 MPa, but thereafter, polymerization was carried out for 0.5 hour while maintaining the internal 
temperature at about 80°C and the pressure at 1 . 1 MPa. After completion of the polymerization, the obtained polymer- 
ization reaction solution was introduced gradually into vigorously stirred excess methanol to let the formed polymer pre- 
cipitat . It was dried under reduced pressure at 80°C until no more weight change was observed, to obtain 450 g of the 
so polymer. 

EXAMPLES 4 to 6 

Preparation of copolymers 

55 

[0184] Using rac-dimethylmethylenebis(4,5-benzo-1-indenyl)zirconium dichloride as a transition metal compound, 
the preparation was carried out in the same manner as in Example 3 under the conditions as shown in Table 1 . 
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COMPARATIVE EXAMPLES 1 to 5 
Preparation of copolymers 

s [0185] With reference to literatures, the following transition metal compounds were prepared, and the preparation 

lame farriaH m rf in tha eamo mannor ac in Pvamnl» 1 nrS under the conditions as shown in Table 1 . 
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Table 1 


Examples 


Example 1 


Example 2 


Example 3 


0) 

1 

X 

w 


Example 5 


Example 6 


a) 
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m h 
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Comparative 
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Example 4 


Comparative 
Example 5 
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[0186] tn the above table, A to C are as follows. 
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A: rac-isopropylidenebis(4,5-benzc-1 -indenyl)zirconium dichloride 

B: CGCT (constrained geometric structure) type Ti complex (tertiary butyl amide) dimethyKtetramethyl-^S- 

cyclopentadienyl)silane titanium dichloride 

C: rac-ethylenebis(1 -indenyl)zirconium dichloride 

[0187] In Table 2 on the next page, the compositions of the obtained polymers and the molecular weights obtained 
by GPC, and the results of the glass transition points and the melting points obtained by DSC are shown. 



Table 2 



25 



35 



Examples and 
uornparauve 
Examples 


St content 


Mw/10 4 


Mw/Mn 


Glass transition temperature 
(°C) 


Melting point 
(°C) 


Heat of 
fusion of 
crystal J/g 










*1 


*2 






Example 1 


8.8 


18.9 


2.0 


-25 


-16 


93 


42 


Example 2 


5.1 


20.4 


2.0 


•24 


-20 


102 


72 


Example 3 


3.0 


9.5 


1.7 




-22 


116 


105 


Example 4 


2.4 


10.8 


1.5 




-23 


117 


108 


Example 5 


4.7 


14.2 


1.8 




-22 


108 


67 


Example 6 


9.5 


17.2 


2.1 


-26 


-15 


80 


40 


Comparative 
Example 1 


9.3 


19.2 


2.0 


-22 


-14 


80 


36 


Comparative 
Example 2 


5.0 


36.3 


1.7 


-22 


-15 


107 


Not meas- 
ured 


Comparative 
Example 3 


7.8 






-27 


-17 


85,112 


Not meas- 
ured 


Comparative 
Example 4 


9.5 


5.0 


2.0 


-27 


-20 


73,112 


Not meas- 
ured 


Comparative 
Example 5 


15.5 


12.0 


1.5 


-24 


-13 


83,60 


Not meas- 
ured 



*1) By a tangent intersection method, or an onset method (Polymer handbook third edition P VI/210, Figure 2). 
*2) By an inflection point method. Obtained from the inflection point on the DSC curve. 



AO 

[0188] The obtained peak was a single peak, and in the GPC measurements of the polymer obtained in each 
Example, the GPC curves obtained by different detectors (Rl and UV) agreed within a range of experimental error. This 
indicates' that the present copolymer is an extremely homogeneous copolymer with little compositional distribution. 
[0189] Further, the copolymer of the present invention has a weight average molecular weight of from 140,000 to 
45 500,000 when the aromatic vinyl compound content is from 5 mol% to 1 0 mol%, and from 60,000 to 500,000 when the 
aromatic vinyl compound content is at least 0.5 mol% and less than 5 mol%, and thus it has excellent mechanical prop- 
erties and moldabiiity. 

[0190] With the copolymer o1 the present invention, the relation between the aromatic vinyl compound content and 
the glass transition point (Tg) obtained by an inflection point method as observed at a temperature of at least -50°C by 
so differential scanning calorimeter (DSC), satisfies the following formula (1 ): 

-20+1 .00St>Tg>-30+1 .05St 

wherein St represents the styrene content (molar fraction %) in the copolymer. 
55 [01 91 ] A styrene-ethylene copolymer as an example of the transparent aromatic vinyl compound-ethylene copoly- 
mer of the present invention, is specifically a copolymer which may contain typical structures of the following formulae 
in optional proportions. 

[0192] The 13C-NMR spectrum shows peaks attributable to the following in the methine and methylene carbon 
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regions. Symbols a to o are symbols showing the carbons shown in the following chemical structure. Using the center 
peak (73.89 ppm) of the triplet of tetrachloroethane-d as standard, peaks attributable to the following are shown. 

(1) Alternating structure of styrene and ethylene 

a b c b 

- (CH-CH2-CH2-CH2) x- Formula (1') 
I 

P h 



(wherein Ph represents a phenyl group, and x represents an integer of at least 2 as the number of repeating units.) 
15 Namely, it represents a structure shown by the following formula comprising methine carbons connected to Ph 

groups and three methylene carbons sandwiched therebetween: 



20 



25 



30 



35 



40 



45 



50 



55 



a b c b a 

-c-c-c-c-c-c-c-c-c-c-c- 

I I 
P h P h 



(For simplification, hydrogen atoms were omitted.) 
(2) Chain structure of ethylene 



£ g g g g 

-c-c-c-c-c-c-c-c-c- 



(3) Structure comprising an ethylene chain and one unit of styrene 



f e d e f 

-c-c-c-c-c-c-c-c-c 

I 

P h 



(4) Structure comprising inversion of styrene units (tail-to-tail structure) 
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h i i h 
-C-C-C-C-C-C-C-C 
! ! 
P h P h 



(5) Structure comprising ethylene units or ethylene chains and two styrene units in a head-to-tail chain 



j k j 

-c-c-c-c-c-c-c-c- 
I I 

P h P h 



or a structure wherein styrene units and styrene-ethylene alternating structure units are randomly bonded Styrene 
25 unit: 



-c-c- 

30 I 

Ph 

Alternating structure unit: 

35 

-c-c-c-c- 
I 

40 P h 

j k j I m 
„ -C-C- C-C-C-C-C-C-C-C 



P h Ph Ph 



55 (6) Structure comprising at least three styrene units in a head-to-tail chain 
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n o 

-c-c-c-c-c-c-c- 

I I I 

P h P h P h 



25.1-25.2 ppm 


(C) 


36.4-36.5 ppm 


(b) 


44.8-45.4 ppm 


(a) 


29.4-29.9 ppm 


(g) 


36.5-36.8 ppm 


(e) 


27.2-27.6 ppm 


w 


45.4-46.1 ppm 


(d.h) 


34.5-34.9 ppm 


(i) 


42.3-43.7 ppm 


(J) 


43.7-44.5 ppm 


W 


35.6-36.1 ppm 


(I) 


24.0-24.9 ppm 


(m) 


40.3-41.0 ppm 


(n) 


43.0-43.6 ppm 


(0) 
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[01 93] The foregoing peaks may undergo certain shifts or formation of microstructures of peaks or peak shoulders 
depending upon the measuring conditions, the influences of e.g. a solvent or far distance effects from adjacent struc- 
tures. 

[0194] Attribution of these peaks was made by peak shift prediction based on Macromolecules, vol. 1 3, 849 (1 980), 
40 Stuf. Surf. Sci. Catal., 517, 1990, J. Appl. Polymer Sd, vol. 53, 1453 (1994), J.Polymer Phys. Ed., vol. 13, 901 (1975), 
Macromolecules, vol. 10, 773 (1977), European Patent 416815, JP-A-4-130114, 13C-NMR Inadequate method, DEPT 
method, and 13C-NMR database STN (Specinfo). 

[0195] With respect to the copolymer obtained in each Example, the structural index X, and the isotactic diad index 
m of the silane unit-ethylene unit alternating structure were obtained by the above-mentioned formulae (i) and (ii), 
45 respectively They are shown in Table 3. 
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Table 3 



Examples and Compara- 
tive Examples 


St content (mol%) 


Valued 


Value m 


Example 1 


8.8 


5 


>0.95 


ExamDle 2 


5.1 


2 


>0.95 


Example 3 


3.0 


1 


>0.95 


Example 4 


2.4 


1 


>0.95 


Example 5 


4.7 


2 


>0.95 


Example 6 


9.5 


5 


>0.95 


Comparative Example 1 


9.3 




0.5 


Comparative Example 2 


5.0 




0.5 


Comparative Example 3 


7.8 




0.5 


Comparative Example 4 


9.5 




0.5 


Comparative Example 5 


15.5 


8 


>0.95 



- Not measured 



25 [0196] With respect to the copolymer obtained in each Example or Comparative Example, the mechanical proper- 
ties obtained from the S-S curve, the total light transmittance and the haze value are shown in Table 4 on next page. It 
is evident that each of the copolymers of the present invention has high mechanical properties and high transparency 
(high total light transmittance and low haze value). 





Elongation 
(%) 


Breaking 
strength 
(MPa) 


Tensile mod- 
ulus (MPa) 


Total light transmittance (%) 


Haze ( c 












1mm 


0.2mm 


1mm 


0.2mm 


Example 1 


540 


37 


34 


86.2 


90.6 


13.2 


3.9 


Example 2 


680 


44 


65 


82.2 


90.6 


33.0 


6.2 


Example 3 


700 


30 


114 


Not meas- 
ured 


91.6 


Not meas- 
ured 


7.4 


Example 4 


810 


24 


131 


Not meas- 
ured 


90.1 


Not meas- 
ured 


13.2 


Example 5 


710 


39 


60 


Not meas- 
ured 


92.4 


Not meas- 
ured 


3.8 


Example 6 


650 


46 


27 


91.8 


93.0 


5.6 


4.0 


Compara- 
tive Example 
1 


490 


39 


18 


Not meas- 
ured 


87.4 


58.2 


22.4 


Compara- 
tive Example 
2 


580 


42 


95 


Not meas- 
ured 


88.1 


Not meas- 
ured 


19.3 


Compara- 
tive Example 
3 


Not meas- 
ured 


Not meas- 
ured 


Not meas- 
ured 


Not meas- 
ured 


89.8 


49.6 


22.6 
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Table 4 (continued) 





Elongation 
(%) 


Breaking 
strength 
(MPa) 


T nsile mod- 
ulus (MPa) 


Total light transmittance (%) 


Hazef 


*) 










1mm 


0.2mm 


1mm 


0.2mm 


Compara- 
tive Example 
4 


550 


8 


10 


Not meas- 
ured 


Not meas- 
ured 


89.5 


87.7 


Compara- 
tive Example 
5 


400 


41 


9.2 


85.0 


92.0 


7.5 


3.7 



[0197] Further, the copolymer of the present invention has extremely high transparency with a haze of not higher 
than 14% as measured with respect to a molded product having a thickness of 0.2 mm and with a total light transmit- 
tance of at least 90%. 

[0198] The loss tangent value (tan 8) obtained from the viscoelasticrty spectrum, the elastic recovery and the 
Shore's A hardness are shown in Tables 5, 6 and 7, respectively. 



Tables 





Loss tangent 
(tan 8) 


Example 1 


0.27 



Table 6 





Elastic recovery 


Example 1 


85% 


Example 2 


75% 



40 



45 



Table 7 





Shore's A hardness 


Example 1 


94 


Example 2 


96 


Comparative Example 3 


89 



[01 99] Further, a molded product made of a copolymer of the present invention, particularly a molded product made 
so of a copolymer having an aromatic vinyl compound (styrene) content of from 5 mol% to 10 mol%, satisfies the following 
conditions. 

[0200] The breaking strength is at least 30 MPa, preferably at least 40 MPa. 
[0201] The initial tensile modulus is at least 25 MPa to 70 MPa at room temperature (23°C). 
[0202] The Shore's A hardness is at least 90. 
55 [0203] The elastic recovery from 1 00% tensile strain at 23°C, is at least 70%. 

[0204] The loss tangent (tan 8 ) at 0°C of the dynamic viscoelasticrty spectrum measured at a frequency of 1 0 Hz, 
is from 0.05 to 0.7. 

[0205] Further, the heat of fusion of crystal obtained by DSC, was at least 30 J/g with every one of the polymers of 
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Examples. 

[0206] Accordingly, the molded product made of this copolymer is useful for an application as a soft transparent 
resin, a transparent plastomer or elastomer or as a substitute for a transparent soft vinyl chloride resin. 
[0207] Further, a molded product made of the copolymer of the present invention, particularly a molded product 
5 made of a copolymer having an aromatic vinyl compound (styrene) content of at least 0.5 mol% and less than 5 mof%, 
satisfies the following conditions: 

[0208] The melting point by a differential scanning calorimeter (DSC) is from 100°C to 130°C. Further, the heat of 
fusion of crystal is at least 60 J/g. 

[0209] The initial tensile modulus is from 50 MPa to 200 MPa at room temperature (23°C). 
w [0210] Accordingly, the molded product made of the copolymer of the present invention is particularly useful for 
application as a substitute for a soft transparent resin such as LLDPE or an olefin type plastomer, in view of high trans- 
parency and high heat resistance as well as high mechanical strength (tensile modulus). Further, it has an economical 
merit that it is not necessary to use an expensive a-olefin such as 1-octene. 

[021 1 ] The physical properties were compared with an olefin type plastomer or LLDPE having a melting point sim- 
i5 ilar to a copolymer film of a composition having an aromatic vinyl compound content of less than 5 mol% among the 
copolymer films of the present invention. 

[0212] The physical properties of an ethylene- 1-octene copolymer, Afinity FM1570 and Afin'rty PL1880, manufac- 
tured by Dow Company, are shown (Table 13). 

[0213] As compared with a copolymer having substantially the same melting point, the copolymer of the present 
20 invention has a high tensile modulus. Further, it is evident that it has equivalent transparency and elongation. 

[0214] The copolymers obtained in Example 1 and a Comparative Example were made into films by the above- 
mentioned method and evaluated. The results are shown in Tables 8 and 9 on the next page. Further, for the purpose 
of comparison, a vinyl chloride type stretch film (DENKA WRAP SHINSEN, manufactured by DenW Kagaku Kogyo 
K.K.), a polyethylene type stretch film (DENKA NICE WRAPS manufactured by Denki Kagaku Kogyo K.K.) and a copol- 
25 ymer' having a styrene content of 20 mol% (prepared by the catalyst used in the Examples) were evaluated and shown 
together. 



Table 8 
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Physical properties of stretch film molded products 




35 


Polymer 


Breaking strength (MPa) 


Elongation (%) 


Finger 
pressure 
recovery 
(mm) 1) 


Thick- 
ness (urn) 


Haze (%) 


Total light 
transmit- 
tance (%) 






Longitudi- 
nal 


Transverse 


Longitudi- 
nal 


Transverse 












Example 1 


43.2 


25.2 


240 


560 


15 to 19 


32 


2.10 


92.0 


40 


Vinyl chlo- 
ride film 


24 


14 


160 


220 


18 to 20 


13 


0.6 


92.4 




PE type 
film 


21 


30 


440 


460 


11 to 12 


15 


0.5 


92.7 


45 


Note: The " 
thereto, res 


ongrtudinar and "transverse" represent the extruded direction of the film and the direction perpendicular 
pectively. 10% or 25% modulus was measured in the longitudinal direction. 



1) The minimum value to the maximum value 
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Table 9 



Polymer 


Self-tackiness 


Film-forming property 


Packaging efficiency 


Low temperature 
characteristics 


Example 1 


Self-tackiness 
observed 


Easy. Good forming 


Good. 


0 


Comparative Exam- 
ple 1) 


High self-tackiness 


stability Poor. High 
self-tackiness, 
Molded by means of a 
release film. 


Poor as rubbery and 
stickiness being high. 


X 


Comparative Example 1) An ethylene-styrene copolymer having a styrene content of 20 mor%. 
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[021 5] The ethylene-styrene random copolymer film according to the present invention, has a proper initial modulus 
similar to a vinyl chloride film, high strength, excellent elastic recovery (low elongation set), a proper glass transition 
point and high transparency, and thus it is useful particularly as a stretch or shrink-stretch film. 
[021 6] The copolymer of the present invention is excellent in the low temperature characteristics. As shown in the 
so following Table 10, each of the copolymers obtained in Examples shows a brittle temperature of not higher than -60°C. 
(in accordance with JIS K-6723, K-7216) 



Table 10 





Cold resistance (Brittle 
temperature) 


Example 1 


Not higher than -60°C 


Example 2 


Not higher than -60°C 


Example 3 


Not higher than -60°C 


Example 4 


Not higher than-60°C 


Example 5 


Not higher than -60°C 


Example 6 


Not higher than -60°c 


DENKA VINYCON S21 00-50 


-29°C 


ENGAGE 


Not higher than -60°C 
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[021 7] This is superior to a vinyl chloride compound having substantially the same touch, as a Comparative product 
and is a value equal to a polyolefin type plastomer (ethylene-1-octene copolymer: ENGAGE8452). 

EXAMPLE 7 

45 

Preparation of a homopolvmer of stvrene 

[0218] Using a catalyst (a transition metal compound) shown in the following Table 11 as a transition metal com- 
p und, polymerization was carried out at room temperature, (styrene: 10 toluene: 20 m£, MAO: 8.4 mmol). 

50 



Table 11 



catalyst and catalyst 
amount 


Yield 


Molecular weight 
(Mw) 


Molecular weight 
distribution (Mw/Mn) 


Melting point 


Stereo-regularity a) 


A, 1 .5 nmol 


1.5 g 


36,000 


1.9 


220 


mmmm>0.90 
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Table 12 





Methine carbon 


Methylene carbon 


Phenyl C1 carbon 


Example 7 


40.7 


43.0 


146.3 



[0219] In a globe box, 10 of styrene, 1 mmol of TIBA and 8.4 mmol of M-MAO were charged into a glass con- 
tainer (equipped with a magnetic stirrer). Into this solution, 16 ml of toluene containing each amount of the transition 
w metal compound, was added, followed by stirring at room temperature for 3 hours. The polymerization reaction solution 
was gradually put into a large excess amount of methanol acidified with hydrochloric acid to let the formed polymer pre- 
cipitate, to obtain the polymer. 

[0220] As a result of the 13C-NMR, DSC and XRD measurements, the respective polymers were confirmed to be 
all isotactic polystyrenes, (see the above Table 12). 



Table 13 



Polymer 


Elongation (%) 


Breaking 
strength (MPa) 


Tensile modu- 
lus (MPa) 


Haze (%) 


Total light 
transmittance 
(%) 


DSC melting 
point (°C) 


Affinity FM1570 


710 


38 


86 


8.6 


91.4 


108 


Affinity PL1880 


630 


38 


46 


2.8 


92.4 


100 


The haze and th 


» total light transmittance were measured with a 0.2 mm film. 
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Claims 
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An ethylene-aromatic vinyl compound copolymer characterized by satisfying the following conditions: 

(1) the aromatic vinyl compound content is from 0.5 mol% to 10 mol%; 

(2) as measured with respect to a molded product having a thickness of 0.2 mm, the haze is at most 14%, or 
the total tight transmittance is at least 90%; 

(3) an ethylene-aromatic vinyl compound copolymer characterized in that the relation of the aromatic vinyl 
compound content and the glass transition point (Tg) obtained by an inflection point method as observed at a 
temperature of at least -50°C by a differential scanning calorimeter (DSC), satisfies the following formula (1): 



-20+1 .OOSt>Tg>-30+1 .05St 



Formula (1) 



40 wherein St represents the aromatic vinyl compound content (molar fraction %) in the copolymer; and 

(4) the weight average molecular weight is from 1 40,000 to 500,000 when the aromatic vinyl compound content 
is from 5 mol% to 1 0 mol% and from 60,000 to 500,000 when the content is from 0.5 mol% to less than 5 mol%. 

2. The ethylene-aromatic vinyl compound copolymer according to Claim 1 . which is characterized by satisfying the fol- 
45 lowing condition: 

(5) the stereoregularity of phenyl groups in the alternating structure of an aromatic vinyl compound and ethyl- 
ene of the following formula (1) contained in the copolymer structure is such that the isotactic diad index m is 
larger than 0.55: 



-{CH-CH 2 -CH 2 -CH 2 )x- 
I 

Ph 



Formula (1) 



(wherein Ph represents an aromatic group such as a phenyl group, and x represents the number of repeating 
units and is an integer of at least 2.) 
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3. The ethylene-aromatic vinyl compound copolymer according to Claim 1 or 2, which is characterized by satisfying 
the following condition: 

(6) the aromatic vinyl compound content is from 3 mol% to 1 0 mol%. 

4. The ethylene-aromatic vinyl compound copolymer according to Claim 3, which is characterized by satisfying the fol- 
lowing condition: 

(7) the aromatic vinyl compound content is from 5 mol% to 10 mol%. 

5. The ethylene-aromatic vinyl compound copolymer according to Claim 1 or 2, which is characterized by satisfying 
the following condition: 

(8) the aromatic vinyl compound content is from 0.5 mol% to 5 mol%. 

6. Th ethylene-aromatic vinyl compound copolymer according to Claim 1 or 2, which is characterized in that it is 
obtainable by means of a catalyst capable of producing a polystyrene having an isotactic stereoregularity by 
homopolymerization of styrene. 

20 7. The ethylene-aromatic vinyl compound copolymer according to Claim 6, wherein the molecular weight distribution 
is at most 3.0, preferably at most 2.5. 

8. A molded product made of the ethylene-aromatic vinyl compound copolymer as defined in either one of Claim 1 , 2, 
3 or 4. 

25 

9. The molded product made of the ethylene-aromatic vinyl compound copolymer according to Claim 8, which satis- 
fies at least one of the following conditions: 

(9) the breaking strength is at least 30MPa, preferably at least 40MPa; 

30 (1 0) the initial tensile modulus is from 25MPa to 70MPa at room temperature (23°C); 

(1 1) the Shore A hardness is at least 90; 

(12) the elastic recovery from 100% tensile strain at 23°C is at least 70%; 

(13) the loss tan 8 at 0°C of the dynamic viscoelasticity spectrum measured at a frequency of 10 Hz is from 
0.05 to 0.7; and 

35 (1 4) the heat of fusion of crystal obtained by DSC is at least 30 J/g. . 

10. The molded product made of the ethylene-aromatic vinyl compound copolymer as defined in Claim 5, which satis- 
fies at least one of the following conditions: 

40 (15) the melting point as measured by a differential scanning calorimeter (DSC) is from 100°C to 130°C, and 

the heat of fusion of crystal is at least 60 J/g; and 

(16) the initial tensile modulus is from 50MPa to 200MPa at room temperature (23°C). 

11. Th molded product according to Claim 8 or 9, which is a sheet, a film or a tube. 

45 

1 2. Th film according to Claim 1 1 , which has a draw ratio of from 1 .2 to 50 times at least in one direction. 

13. Th film according to Claim 8 or 9, which has a thickness of from 3 jim to 100 urn and a haze of at most 2.5%. 
so 14. A stretch packaging film characterized in that it is made of the film as defined in Claim 8 or 9. 

15. Th stretch packaging film according to Claim 8 or 9, which is for food packaging. 
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FIG. 1 



DSC Curve 

(change of specific heat against 
temperature) 
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